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K peo PRIMARY task of every physician who would treat epileptic 
patients intelligently should be classification, classification according 
to cause and according to the site of origin of epileptic discharge within 
the brain. The use of the electroencephalograph and the appearance of 
new anticonvulsant drugs constitute a considerable advance in this field, 
but this has in no way relieved the clinician of his responsibility for initial 
classification and differential diagnosis of the epilepsies. 


THE EPILEPSIES 


At the dawn of history, the “falling sickness” was thought to be due 
to the temporary entrance into the epileptic person of an evil spirit, the 
curse of a god. But Hippocrates began the attack on this conception. 
Epilepsia, he said, was not a sacred disease but a condition that should 
be studied, for it had a cause like other diseases, a cause that acted on 
the brain (Temkin!). Yet, even today, physicians are apt to be content 
to do no more than divide epileptic patients into two groups: those that 
have small and those that have large seizures, “petit mal” and “grand 
mal,” and there the classification ends, before it has begun. 

The immediate, or physiologic cause of a seizure is an excessive neu- 
ronal discharge within some area of gray matter of the central nervous 
system. The seizure may therefore be considered a symptom of that dis- 
charge, or a symptom of the pathologic condition which produces the 
discharge. Now, if all the conditions which are capable of producing 
such discharges in gray matter are considered together, they may be en- 
titled “the epilepsies.” This was the concept of Hughlings Jackson 
seventy years ago.” Today it is the basis for the selection of patients with 
symptomatic or radical therapy and the prerequisite for wise counsel. 


From the Department of Neurology and Neurosurgery, McGill University, 
and the Montreal Neurological Institute. 

Read at a meeting of the Montreal Medico-Chirurgical Society, Dec. 20, 1946. 

1. Temkin, O.: The Falling Sickness: A History of Epilepsy from the 
Greeks to the Beginnings of Modern Neurology, Baltimore, Johns Hopkins Uni- 
versity Press, 1945. 

2. Taylor, J.; Holmes, G., and Walshe, F. M. R.: The Selected Writings 
of John Hughlings Jackson, London, Hodder & Stoughton, 1931, vol. 1. 
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ELECTROENCEPHALOGRAPHY 


When Berger*® (1929) introduced the electroencephalogram, he dis- 
covered that a stormy electrical discharge occurred within the brain 
during a major seizure, confirming the hypothesis of Jackson. In 1935, 
Gibbs, Davis and Lennox’ utilized the method to identify a 3 per second 
type of cerebral dysrhythmia. This was an important contribution, for the 
wave form seemed to be found exclusively in cases of essential epilepsy. 
Two years later (1937) Gibbs, Gibbs and Lennox® described a 6 per 
second rhythm, and they introduced the phrase “psychomotor seizures” 
to describe certain states of mental confusion which seemed to be associ- 
ated with this rhythm. 


In major seizures, Berger had shown that the electroencephalograph 
recorded series of bilaterally appearing spike-shaped discharges. Since 
these observations, the custom has arisen of classifying epilepsy according 
to the electroencephalograms into petit mal, grand mal and psychomotor 
epilepsy. From a practical, clinical point of view, however, it would seem 
that only the petit mal subdivision is useful. 


All types of seizures from all manner of causes may develop into 
generalized convulsions, and in the process they produce electroen- 
cephalographic records characteristic of what has been called grand mal. 
For example, the 3 per second, bilaterally synchronous wave of petit mal 
changes into a rapid series of spikes when a major convulsion occurs. 
Likewise, the random spikes and sharp waves near a focal cortical lesion 
develop into a similar series of spikes as a seizure develops, and this be- 
comes bilateral if the attack becomes generalized. 


Lesions in numerous localities give rise to the 6 per second rhythm 
of psychomotor epilepsy, according to Margaret Lennox and Brody,® 
who made an extended study of cases in which autopsy was later per- 
formed. Jasper and I have found the 6 per second rhythm to be often- 
est associated with seizures that have their origin in one temporal region 
and with the automatic state that so often develops during and after 
these seizures. Further reference to the uses of electroencephalography 
will be made under subsequent headings. 


3. Berger, H.: Ueber das Elektrenkephalogramm des Menschen, Arch. f. 
Psychiat. 87:527-570, 1929. 

4. Gibbs, F. A.; Davis, H., and Lennox, W. G.: Electroencephalogram in 
Epilepsy and in Conditions of Impaired Consciousness, Arch. Neurol. & Psychiat. 
34: 1133-1148 (Dec.) 1935. 

5. Gibbs, F. A.; Gibbs, E. L., and Lennox, W. G.: Epilepsy: A Paroxysmal 
Cerebral Dysrhythmia, Brain 60: 377-388, 1937. 

6. Lennox, M., and Brody, B. S.: Paroxysmal Slow Waves in the Electro- 


encephalograms of Patients with Epilepsy and with Subcortical Lesions, J. Nerv. 
&. Ment. Dis. 104: 237-248, 1946. 
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CLASSIFICATION 


For practical purposes, the epilepsies may be divided tentatively into 
seizures with and seizures without demonstrable cerebral lesions. But 
when the patient is first seen, it is often impossible to decide whether 
such a lesion is present or not. Thus, this division of cases cannot be made 
until the end of the study. To be really helpful, a classification should 
be usable during all stages of the work-up, and it should express as much 
of the available evidence as possible. 


TaBLe 1.—Case Classification 


Cause: Encephalomacias, hypoglycemia, or cause 
unknown, etc. 

2. Focal cerebral seizures 
Pattern: Jacksonian, motor, visual, etc. 
Localization: Right precentral or left 
occipital, etc. 
Cause: Scar of birth injury, tumor, etc. 

3. Idiopathic epilepsy 


A practical classification is shown in table 1. All patients may be 
grouped under one of the three diagnoses: cerebral seizures, focal 
cerebral seizures and idiopathic epilepsy. At the first interview with 
the patient, the clinical information should be adequate to place him 
in one of these categories. If one is in doubt, the diagnosis of 
cerebral seizures, cause unknown, may be made tentatively, without 
raising the question of inheritability and without prejudicing further 
analysis. General medical analysis and roentgenographic, electroen- 
cephalographic or pneumographic study may be employed later, and 
this may discover the cause, or may make it necessary to shift the pa- 
tient from group 1 to group 2 or 3. 

In the first group, that of cerebral seizures, the pattern of attack 
may not be clear, but the exciting cause must, nevertheless, be sought. 
In the second group, the initial pattern of attack is clear, and, con- 
sequently, the localization of discharge is evident. (Analysis of the pat- 
terns is discussed later [table 3].) The patient’s attacks are therefore 
classified as focal cerebral seizures, but it then becomes necessary to dis- 
cover the nature of the focal abnormality or the precipitating cause. A 
partial list of causes of cerebral seizures or of focal cerebral seizures 


follows. 


Birth injury Cerebral tumor 
Cerebral abscess Infection 

Cerebral trauma Vascular occlusion 
Congenital defect Vascular disease 
Disseminated sclerosis Encephalopathy 
Hypoglycemia Toxemia 

Other agents affecting the brain 


In the third group, the electroencephalogram is usually typical, being 
characterized by 3 per second, bilaterally synchronous waves. Most of 
the patients will be found to have “petit mal” lapses of consciousness, 


1. Cerebral seizures 
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which are easy to recognize from discussion with the patient and ob- 
servation. Some patients will admit the occurrence of epilepsy elsewhere 
in the family, and all must be considered possible carriers of the tendency. 


When a patient is first seen, the pattern of the seizure may not be 
clear and the cause may be unknown. Therefore, the diagnosis is made 
tentatively as cerebral seizures, cause unknown. On further study, it may 
become clear that his minor seizures consist in a tingling sensation in 
the left hand and that the major seizures begin with such a sensation. 
Thereupon, the patient is reclassified under the heading of focal cerebral 
seizures, somatosensory; cause unknown. Later, it may be obvious that he 
has an atrophic cerebral lesion, which seems to date from birth, and the 
diagnosis becomes “focal cerebral seizures, somatosensory; cause, birth 
injury.” On the other hand, it may not be possible to work out the pat- 
tern of seizures, and yet the cause may be evident. In this event, the 
diagnosis would remain cerebral seizures, caused, for example, by cere- 
bral vascular disease or by hyoglycemia. 


ANALYSIS OF CASES 


From a practical clinical point of view, one may immediately classify 
each patient on a presumptive basis according to his age. This is illus- 
trated in table 2, in which the likelihood of the cause is indicated by the 
order in which it is indicated. 


TABLE 2.—Presumptive Classification of the Epilepsies Based on Age of Onset 


Age of Onset, Yr. Presumptive Cause 
Infancy 0- 2 Birth injury; degeneration; congenital 
Childhood 2-10 Birth injury; febrile thrombosis; trauma; idiopathic; agent 
Adolescence 10-20 Tdiopathic trauma : 
Youth 20-35 Trauma; neoplasm 
Middle age 35-55 Neoplasm; trauma; arteriosclerosis 
Senescence 55-70 Arteriosclerosis; neoplasm 


This classification, of course, is only presumptive. An initial cause 
may not give rise to habitual seizures for many years, up to ten or fif- 
teen, in fact. Thus, although seizures may begin in adolescence, it is 
still possible that the original injury occurred at the time of birth. 
Similarly, it not infrequently happens that at the time of some febrile 
illness of childhood there occurs an initial single attack, or a series of con- 
vulsions, which is probably secondary to vascular thrombosis within the 
brain, rather than primary encephalitis, as has been suggested. In such 


cases the appearance of habitual seizures may be delayed five or ten 
years. 


It may be said that essential epilepsy does not begin after the age 
of 20, or thereabouts. Therefore, in every adult whose convulsive seizures 
begin after that age the epileptic state should be considered symptomatic 
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Fig. 1.—Roentgenogram showing smallness of the left half of the cranium, 
due te failure of the left hemisphere to grow. The frontal sinus is larger and 
the petrous ridge is higher on the left. The left ventricle is also larger, as out- 
lined with oxygen. Compression at birth had produced localized atrophy of the 
left hemisphere, resulting in focal cerebral seizures. 


Fig. 2.—Encephalogfam showing ventricular displacement toward an atrophic 
epileptogenic scar, due to a gunshot wound. 
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of some other condition. This causative condition may be trauma, neo- 
plasm or arteriosclerosis, or it may be hypoglycemia or intoxication. In 
any case, such a patient should be thoroughly studied. 


Roentgenography.—Simple roentgenograms of the skull, taken in the 
true anteroposterior direction, may demonstrate simple conditions, such 
as an earlier fracture or a depression of the cranium. In cases of severe 
head injury, there may be found cranial erosion, which occurs in the 
vicinity of a skull fracture and is associated with an absence of dura 
between the skull and the brain. More important are the asymmetries 
of the skull. 

The gradual enlargement of the skull during growth depends on the 
outward thrust of the growing brain. Consequently, the comparative 
smallness of one lateral cranial chamber, as seen in the anteroposterior 
roentgenogram, is suggestive evidence of injury to the corresponding 
hemisphere in infancy. Dyke’ pointed out that the skull on the smaller 
side may show increased density, and it is usually true that the frontal 
sinuses, and even the mastoid air cells, may be larger on that side, as 
though they were endeavoring to hide the evidence of the cerebral 
defect (fig. 1). 

Pneumoencephalography.—The ventricles should be outlined by the 
injection of oxygen, or, in case there is an increase of intracranial pres- 
sure, it may be preferable to inject the oxygen directly and to carry out 
a ventriculographic examination. In the case of an expanding lesion, 
it is obvious that the ventricular system is displaced away from the 
lesion. On the other hand, meningocerebral scars and areas of focal 
atrophy give rise to enlargement of the underlying ventricle, and there 
is likely to be displacement of the whole ventricular system toward the 
side of the lesion (fig. 2). This has been called “ventricular wandering.” 
When loca] microgyria is present, associated with cranial hemiatrophy, 
there may be little or no ventricular enlargement. Open cysts are easily 
demonstrated by injection of oxygen, but closed cysts may give no in- 
dication of their presence. Calcification may occur within the brain, 
especially in atrophic lesions, and certain vascular neoplasms and 
arteriovenous aneurysms may be present. These vascular abnormalities 
are apt to give evidence of expansion, associated with indications of 
atrophy. Arteriography, by injection of an opaque medium into the 
carotid artery, is of use in such cases. 

Electroencephalography.—With adequate study over a period of 


time, it has been possible to demonstrate electroencephalographic ab- 
normality in a relatively small area of one hemisphere in about 90 per 


7. Dyke, C. G.: Roentgen-Ray Diagnosis of Diseases of the Skull and In- 
tracranial Contents, in Golden, R.: Diagnostic Roentgenology, New York, Thos. 
Nelson & Sons, 1936, chap. 1, pp. 1-33. 
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cent of cases of traumatic epilepsy (Jasper and Penfield*). In about 70 
per cent of these cases the focus was fairly superficial. In such cases the 


record shows spike or sharp wave discharges. This is demonstrated in 
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Fig. 3.—Three electroencephalographic records from patients who had super- 
ficial epileptogenic scars, from the frontal, the temporal and occipital regions re- 
spectively. X marks a typical “spike” discharge. (Records were selected by Dr. Her- 
bert Jasper.) 
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Fig. 4.—Map of the brain indicating general location of origin of discharges 
for different types of seizures. In the case of highest level seizures and autonomic 
seizures, the origin is in the subcortical gray matter. The others have their 
origin in the cerebral cortex. 


8. Jasper, H., and Penfield, W.: Electroencephalograms in Post-Traumatic 
Epilepsy, Am. J. Psychiat. 100:365-377, 1943. 
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figure 3. If the lesion is in an area of gray matter distant from the sur- 
face, the wave is recorded by the scalp electrode as a little more rounded, 
slower wave. 


SEIZURE PATTERNS 


Most important of all in the localization of an epileptic focus is the 
pattern of the patient’s attack. These patterns may be said to vary, but 
this is rarely the case. Different observers may see different parts of the 
attack or remember different things. The patient, and those who are 
closest to him, should be questioned carefully. It must be remembered 
that any attack may become generalized, and it is only the beginning 
of such an attack that is important from the point of view of localization. 
The great majority of patients have short, or minor, seizures in addition 
to the major one. Some of these initial seizure patterns are listed in table 
3, and the area of cortical localization is indicated. These localizations are 
shown graphically in the map in figure 4. 


Tas_e 3.—Localization of Minor Seizures 


Pattern Localization 
Local motor (jacksonian) Prerolandic gyrus 
Masticatory Rolandic bank, sylvian fissure 
Conscious adversive Posterior frontal 
Unconscious adversive Anterior frontal 
Sensory Postrolandic gyrus 
Visual Occipital 
Auditory Temporal bank, sylvian fissure 
Olfactory Infratemporal 
Autonomic Diencephalon 


Psychic (dreamy states) Temporal 
Petit mal Subcortical 
Automatism—Ictal or postictal 


1. Discharges producing the local motor (jacksonian) seizures are 
in general localized in the cerebral cortex anterior to the central fissure, 
and those resulting in the sensory ones arise posterior to the central 
fissure and in the temporal lobe. It has been the custom of members 
of the medical profession to recognize only the jacksonian motor seizures 
as having localizing value; but the others are equally important, and just 
as easily identified. 

2. The masticatory seizure consists in swallowing and smacking move- 
ments, which may be symmetric on the two sides, although the seizure 
is produced by discharges in the lower central cortex of one side as the 
cortex dips down to the island of Reil. 


9 


3 and 4. In a conscious and in an unconscious adversive attack, the 
patient turns slowly toward the opposite side. If the origin of the seizure 
lies in the anterior part of the frontal lobe, the patient is unconscious 
of this movement. If the lesion is more posterior in the frontal lobe, he 
is aware of the fact that his head and body are turning to the opposite 
side and may make a valiant effort to turn himself back. 
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There may also be turning movements to the opposite side, which 
follow any one of the other minor patterns of attack. In that case, how- 
ever, the turning is likely to indicate the minor seizure is about -to 
develop into a generalized attack. It is evident in such cases that sub- 
cortical centers produce turning to the opposite side. In rare cases the 
patient may turn first toward the side of the lesion. It is fairly common 
for him to turn briefly away from the side of the lesion and then turn 
back toward it. 


5. A sensory (somatosensory) seizure is characterized by numbness, 
tingling or other sensation in one extremity or in the face, mouth or 
tongue. This then spreads to other parts or spreads forward, producing 
a jacksonian motor movement. 


6. The visual seizure consists in seeing gross lights or shadows, which 
are moving or fixed. They arise in the mesial or the external convolutions 
of the occipital lobe. 

7. The auditory attacks consist of a humming or buzzing sound. 

8. The olfactory seizure is characterized by a disagreeable odor. 

9. An autonomic seizure, or initial phenomenon, may consist in pound- 
ing of the heart, sensation in the abdomen, flushing, etc. It is often dif- 
ficult to be sure whether this is primarily a motor phenomenon which 
is felt by the patient or a sensory, autonomic phenomenon. 

10. Complicated psychic seizures find their origin in the temporal 
lobe. Hughlings Jackson described these under the heading of “dreamy 
state.” They consist in perceptual illusions and in hallucinations. These 
illusions may cause the patient to believe suddenly that his environment 
is quite familiar, that he has been there before, or it may produce the 
opposite effect—things may seem to him suddenly strange. There may be 
an alteration in his interpretation of his environment which causes him 
to believe that things look farther away or that they look closer to him, 
or sounds may seem to be far off or nearer at hand. On the other hand, 
he may have a true hallucination or dream, and this dream may have 
nothing to do with his present surroundings; it is usually made up of 
remembered experiences, and he may be conscious both of his surround- 
ings and of the dream. It may seem to him that he is far off and con- 
templating himself. He may recognize a dream as unreal. 


Automatism: When the patient become automatic and walks about 
in a confused manner, he may be having a seizure (ictus), or the seizure 
may be past and he may be in a postictal state. It is quite evident that 
at such times the patient is irresponsible, due to interference with the 
proper function of the highest level of neuronal integration. Most often 
this automatic behavior is observed after the patient has had a mastica- 
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tory seizure; or he may have an olfactory seizure in which he smells some- 
thing disagreeable, and this may be followed by a considerable period 
during which he is automatic and not responsible for his actions. In 
both cases the initial discharge occurs in the vicinity of the island of Reil. 

11. Petit mal may be recognized clinically with almost as much cer- 
tainty as it can be electrographically. The short attacks are characterized 
by initial loss of consciousness. If there is movement, it is apt to be 
symmetric, in the face and eyes or in the arms and legs. If generaliza- 
tion occurs, the seizure is usually bilateral and without turning. 

Discharge in these seizures must take place in the highest level of 
neuronal integration. By the highest level is meant the area to which 
various neuron pathways converge and from which efferent pathways 
diverge. The activity of this area is essential to the existence of function. 
Anatomically, this is not in the cortex but in diencephalic or mesen- 
cephalic ganglionic centers, which have widespread bilateral connection 
with the cerebral cortex (Penfield and Jasper’). 


DIFFERENTIAL DIAGNOSIS 


A moderate degree of familiarity with epileptic seizures makes it 
simple to distinguish epileptic attacks from syncope and hysteria. More 
difficult is the problem of differentiating cerebral seizures from idio- 
pathic epilepsy. The case classification in table 1 indicates that the pa- 
tients whose condition is to be diagnosed as cerebral seizures have attacks 
caused by a general pathologic influence, while in the group with 
idiopathic epilepsy the cause is unknown. 

It has already been pointed out that idiopathic, or cryptogenic, 
epilepsy usually appears first within a few years of puberty and is some- 
times familial. In these cases the minor seizures are true “petit mal” 
attacks, as previously shown. Although the electroencephalogram is said 
to be pathognomonic, it may be simulated by a lesion of one frontal lobe 
on the inferior surface or at the midline. Such cases are, of course, rare. 

When one is in doubt as to the type of epileptic seizure or its locali- 
zation, it may be wise to reproduce the patient’s seizure by hyperpnea, 
continued for about ten minutes, or by hydration, carried out over a 
day or two, requesting the patient to drink large amounts of water and 
administering pitressin simultaneously. It is sometimes possible to pro- 
duce a seizure with alcohol, a method that may be rather too popular. 
In this clinic, we have had great success with the use of “metrazol” 
injected slowly while the patient has the electroencephalographic elec- 
trodes in place (Cure, Rasmussen and Jasper’). In the great majority 


9. Penfield, W., and Jasper, H.: Highest Level Seizures, A Research Nerv. 
& Ment. Dis., Proc. 26:252-271, 1947. 

10. Cure, C.; Rasmussen, T., and Jasper, H.: Metrazol Activation of Seiz- 
ures and Electroencephalographic Disturbances in Epileptic and Control Sub- 
jects, Arch. Neurol. & Psychiat., to be published. 
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of cases this seems to reproduce the patient’s own attack, which then 
may be watched and recorded simultaneously. 

In cases of progressive degeneration of the brain, such as is some- 
times seen in children, and in other widespread abnormalities of the 
brain, the electroencephalogram is likely to give evidence of diffuse, 
widespread abnormality. 


STUDY AND INITIAL TREATMENT 


A tentative classification is made on the basis of age of onset of the 
seizures, as previously indicated. If the attacks have begun at some time 
near the age of puberty, if there is evidence of familial tendency and, 
particularly, if the electroencephalogram shows typical bifrontal, 3 per 
second waves, the diagnosis of cryptogenic epilepsy should be made and 
the patient urged to make a career for himself regardless of his disease, 
while the maximum conservative therapy is provided. 

If the attacks have begun in adult life, hospital study is usually ad- 
visable in order to rule out cerebral tumor and hypoglycemia and for 
general medical study. Unless the patient has a brain tumor, surgical 
therapy should not be considered until conservative treatment has been 
given a fair trial. 

Medication varies with the advent of new drugs. For adults who have 
no obvious lesion of the brain, diphenylhydantoin and other recently rec- 
ommended drugs may be preferable. For patients who have an objec- 
tive lesion of the brain, it is my experience that phenobarbital is more 
effective, although various regimens should be tried. 

It has been my custom to recommend to all who are subject to 
seizures the following outline of what may be called the tetrad of per- 
sonal precautions: (a) avoidance of all alcohol, (b) avoidance of con- 
stipation, (c) avoidance of overfatigue from lack of sleep and (d) de- 
crease of fluid intake to a minimum consistent with comfort. 

In the field of epilepsy, as in all fields of clinical medicine, the even- 
tual decision of what should be done with the patient must be made by 
the clinician, whose primary guide should be common sense. Attacks 
which can be controlled by medication and by faithful observation of 
the rules should not be treated by surgical means. For the patient who 
has had a cerebral injury with one or two seizures, conservative therapy 
should first be tried. 


RADICAL THERAPY 


Selection of possible candidates for cortical excision as treatment for 
epilepsy depends, obviously, on study and classification. When the focal 
nature of the attacks is established, and when the history, the roentgeno- 
grams, the pneumoencephalograms or the electroencephalograms sug- 
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gest the presence of a gross cortical lesion, then surgical treatment should 
be considered. In most cases, however, conservative therapy should be 
given adequate preliminary trial. Smallness of one-half the cranium, 
a history of severe head injury and late onset of seizures, these are com- 
mon’ clues that should be followed up. 

If the patient has a defect in the skull, cranioplasty and closure of 
this defect may be carried out, if it is desired, on cosmetic grounds or 
to prevent headache or avoid injury to the brain. This procedure is not 
in itself a treatment of post-traumatic epilepsy, nor does it serve as a 
preventive. Separation of adhesions between the brain and its coverings 
is also not to be considered a treatment for epilepsy if the underlying 
cerebral abnormality is not touched. 

Operation, if it is to be effective, calls for radical removal of the 
epileptogenic focus. This is usually a small zone of a partly destroyed 
convolution or convolutions. It is often to be found at one point in the 
periphery of a large lesion. Removals are usually justifiable in any area 
of the cortex except the arm and leg area of the precentral gyrus and 
the essential speech areas of the dominant hemisphere. Results of such 
therapy were reported in the past by Penfield and Erickson'! and, more 
recently, by Penfield and Steelman.'!* Complete or practical freedom 
from attacks can be promised in 56 per cent of cases of surgical excisions 
at present. 


CONCLUSION 


My purpose in presenting this paper was not to dwell on surgical 
therapy, which applies at best to a minority of epileptic patients, but to 
describe a way of approach to the problem of epilepsy and to present 
a method of classification which is equally useful whether one is in- 
terested in the surgical treatment, the metabolic problems or the medica- 
tion and rehabilitation of the epileptic patient. There is no short cut 
to classification. A balanced approach to each case is the only sure 
method of selection for therapy. Modern methods of treatment, imper- 
fect though they are, could be effective in a higher percentage of cases 
if greater attention were paid to classification. 


3801 University Street. 


11. Penfield, W., and Erickson, F. C.: Epilepsy and Cerebral Localization: 
A Study of the Mechanism, Treatment and Prevention of Epileptic Seizures, 
Springfield, Ill., Charles C Thomas, Publisher, 1941. 
_ 12. Penfield, W., and Steelman, H.: The Treatment of Focal Epilepsy by 
Cortical Excision, Ann. Surg. 126:740-762, 1947. 


RELATION OF "THINKING" AND LANGUAGE 
An Experimental Approach, Using Dysphasic Patients 


RUSSELL MEYERS, M.D. 
IOWA CITY 


ITHIN very recent years there has been a quickening of interest 
in an ancient problem of particular and fundamental significance 


for psychology and neurology—that concerning an account of the rela- 


tionship between language and thinking. For many centuries discussions 
relative to this subject have been confined largely within the abstruse 
domains of epistemology, linguistics, semasiology and “mind-matter” 
metaphysics. However, as a result of the impetus given to applied 
semantics by Ogden and Richards,! Korzybski? and others,’ it is now 
recognized by contemplative students in diverse scientific pursuits that 
in a very practical sense the problem inheres within every discipline, 
from mathematics, physics and astronomy to sociology, economics and 
political science, and within every “school of thought” related thereto. 


From the Neurosurgical Division, State University of Iowa College of Medi- 
cine. 

This paper was presented at the Seventy-Second Annual Meeting of the 
American Neurological Association, June 16, 1947, Atlantic City, N. J. 
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2. Korzybski, A.: Science and Sanity, Lancaster, Pa., Science Press Print- 
ing Company, 1933. 
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Implications of General Semantics, Etc., Rev. Gen. Sem. 1: 148, 1944. (f) Johnson, 
W.: People in Quandaries, New York, Harper & Brothers, 1946. (g) Lee, I. J.: 
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sity Press, 1922. (1) Walpole, H.: Semantics, New York, W. W. Norton & Com- 
pany, Inc., 1941. (7) Whorf, B. L.: The Relation of Habitual Thought and Be- 
havior to Language, in Sapir, L., and others: Language, Culture and Personality: 
Essays in Memory of Edward Sapir, Menasha, Wis., Sapir Memorial Publication 
Fund, 1941. 
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It is further recognized that the directions of inquiry adopted and the 
degrees of progress identifiable in the various scientific disciplines de- 
pend in no small measure on the answers ultimately reached in respect 
to the problem. 


Experimental data bearing on the matter have been understandably 
difficult of acquisition. For one thing, the problem is not readily suscept- 
ible of analysis and experimental inquiry by the use of subhuman species, 
particularly the generally available laboratory animals. Among such 
animals confronted with a problem-posing situation, the utilization dur- 
ing a period of “delayed response” of symbolic speech cues to guide, or 
at least to run parallel to, a process of implicit and explicit preparatory 
trial and error behavior, the result being the derivation of a more or less 
adaptive consummatory response from the organism’s already acquired 
repertoire of behavior patterns, is either wholly undemonstrable or ex- 
tremely limited. The human subject, on the other hand, confronts the 
experimenter with difficulties of a different but equally disquieting sort, 
for, once having become habituated in his particular social environ- 
ment to the use of implicit and explicit speech cues, he finds it quite 
impossible, try as he may in the experimental situation, to divest him- 
self of them. If he could succeed in this endeavor, even in part, the in- 
vestigator would still be faced with the necessity of determining in each 
separate test situation the extent to which the subject had actually suc- 
ceeded; and a similar demand for reliable quantitation would, of course, 
be required in the case of each subject so tested. There is, unfortunately, 
no technic available at present by means of which estimates of this sort 
can be reached. 


A few oblique approaches to the problem have been employed. 
Thus, by the use of instruments of precision, minute activities of bodily 
musculature, including the peripheral speech apparatus, have been de- 
tected as concomitants of “thinking” (more accurately, of “imagery” ) 
in normal subjects. Comparable somatic activities have been recorded in 
the upper extremities of deaf-mutes practiced in sign language.® Again, 
certain comparative philologic studies® have suggested that differences 
in language structure and speech habits may go far in the direction of 


4. (a) Courten, S.: Involuntary Movements of the Tongue, Yale Psychol. 
Studies 10:93, 1902. (b) Curtis, H. S.: Automatic Movements of the Larynx, 
Am. J. Psychol. 2:237, 1899. (c) Hansen and Lehman: Ueber unwillkiirlisches 
Fliistern, in Wundt, W.: Philosophische Studien, Leipzig, W. Engelmann, 1895, 
vol. 2. (d) Jacobson, L. E.: The Electrophysiology of Mental Activities, Am. J. 
Psychol. 44:677, 1932. (e) Reed, H. B.: The Existence and Function of Inner 
Speech in Thought Processes, J. Exper. Psychol. 1:365, 1916. (f) Thorson, A. M.: 
Relation of Tongue Movements to Internal Speech, J. Exper. Psychol. 8:1, 1925. 
(g) Wyczoikowska, A.: Theoretical and Experimental Studies in the Mechanism 
of Speech, Psychol. Rev. 20:448, 1913. 


‘ 
| 


MEYERS——““THINKING” AND LANGUAGE 121 


explaining the wide disparities in thinking and doing demonstrable 
among aboriginal tribes and the several civilized cultures. Finally, a 
measurable improvement in the psychologic process of discrimination 

for example, in the number of separate entities recognizable in the 
chromatic and achromatic visual continua—can evidently be achieved 
by the mere assignment of language symbols. But where thinking is 
carefully differentiated from other psychologic processes with which it 
is often naively identified (e.g., consciousness, attention, perception, im- 
agery, discrimination, recall and recognition) and regarded as a form of 
anticipatory or preparatory behavior, for the most part implicit and 
bearing reference to problem-solving activity, such studies as those just 
referred to throw but dim light on the problem. For in one circumstance 
or another, one is left with misgivings as to what may properly be re- 
garded as “cause,” “effect” and mere “epiphenomenon”; as to whether 
the process of “thinking” has actually been the object of inquiry, and 
as to the lack of controlled studies and other devices of scientific method 
by means of which a desirable degree of objectivity is ordinarily attained. 
Perhaps the most suggestive study within recent years has been the ad- 
ministration by Weisenberg and McBride’ of a battery of verbal and 
nonverbal intelligence tests to an extensive series of dysphasic patients. 


Numerous contributions intended to illuminate understanding of the 
language-thought relationship may be found in the literature, but, with 
the exception of experiments of the sort just referred to, they bear the 
stamp of dialectic and other reasoned processes and are distinctly of the 
“impressionistic” variety. A cursory survey of the advocated rival views 
suffices to impress the reader with their arbitrariness and irreconcilability 
and to convince him of their ultimate irresolvability by methods other 
than operational. 

Among the laity and the adherents of mentalistic psychology, by far the 
most prevalent notion of the language-thought relationship is that words and 
language are mere vehicles for the expression and communication of thought. 
Plato ascribed this concept to his teacher Cratylus (fifth century B. C.). The 
view was reiterated in the Middle Ages by Isidore of Seville, and later, with but 
slight alterations in its original form, it was endorsed by the philosopher Locke® 


5. Max, L. W.: An Experimental Study of the Motor Theory of Conscious- 
ness: III. Action Current Responses in Deaf Mutes During Sleep, Sensory 
Stimulation and Dreams, J. Comp. Psychol. 19:469, 1935; IV. Action Current 
Responses in the Deaf Mute During Awakening, Kinaesthetic Imagery and Ab- 
stract Thinking, ibid. 24:301, 1937. 


6. Bloomfield.32 Malinowski.38 Whorf.3i 


7. Weisenberg, T., and McBride, K.: Aphasia: A Clinical and Psychologi- 
cal Study, New York, The Commonwealth Fund, 1935, pp. 461-462. 


8. Locke, J.: An Essay Concerning the Human Understanding, ed. 23, 
London, Rivington, 1817, vol. 3, chap. 1, sect. 2 and 3. 
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and by numerous recent authors.® “Thought” is looked on by the mentalists as a 
nonphysical process, occurring prior to the utterance of the linguistic form, by 
which it is expressed, and being entirely separate from language processes. Thus, 
in 1877 Noire®». ¢ held that thinking is a “‘prerequisite’” of speech, and in 1911 
Boas? asserted: “It would seem that the obstacles to generalized thought inherent 
in the form of a language are of minor importance only and . . . presumably 
language alone would not prevent a people from advancing to a more generalized 
form of thinking if the general state of their culture should require expression of 
such thought.” 


Directly opposed to the mentalistic view is that proposed by certain more 
recent cultural anthropologists, philologists, linguists and semanticists:1° “Our 
day-to-day orientations in life, our “reasoning processes” . . . rest upon the struc- 
ture of the language which we happen to have inherited. There will probably be 
general assent to the proposition that an accepted pattern of using words is prior 
to certain lines of thinking and forms of behavior.33” Perhaps the most extreme 
form of this doctrine is that expressed by von Humboldt,3j who stated that “with- 
out regard for communication between man and man, speech is a necessary condi- 
tion for the thought of the individual in isolated solitude.” 

In reference to the nature of thinking, two central tendencies are recogniz- 
able in present day psychology: (a) the current modification(s) of behaviorism, 
designated by the term “objective psychology”; and (b) the Gestalt view. A 
recognition of the large importance of language to the thinking process in man 
is a substantial feature of both schools and, as a corollary, a dysfunction of lan- 
guage symbolization, such as that in dysphasia, is considered in both views to be a 
competent circumstance for the production of a disorder in thinking. 

Watson,!! an earnest proponent of behaviorism, asserted in 1914 that thought 
is essentially a subvocal repertoire activity occurring in response to a presenting 
situation to which word sequences have been conditioned.!2 Insistent on reorder- 


9. (a) Boas, F.: The Mind of Primitive Man, New York, The Macmillan 
Company, 1911, p. 154. (b) Noiré, L.: Der Ursprung der Sprache, Mainz, 1877, 
p. 64. (c) Das Werkzeug und seine Bedeutung fiir Entwickelungsgeschichte der 
Menschheit, Mainz, 1883, pp. 91-95; (d) English translation: The Origin and 
Philosophy of Language, ed. 2, Chicago, Open Court Publishing Company, 1917, 
pp. 128-156. (e) White, L.: The Symbol: The Origin and Basis of Human Be- 
havior, in Werkmeister, W.: Philosophy of Science, New York, Harper & Brothers, 
1940, vol. 7, p. 451. 

10. (a) Bloomfield.3@ (b) Burrow, T.: The Autonomy of the “I” from the 
Standpoint of Group Analysis, Psyche 8:35, 1928; (c) Phylobiology: Behavior 
Reactions in the Individual and Community, ibid. 11:67, 1930. (d) Glicksberg, 
C. I.: Vocabularly and Intelligence, Etc., Rev. Gen. Sem. 1:92, 1943. (e) Haya- 
kawa.°4 (f) Huse, H. R.: Reading and Understanding, Studies in Philosophy 42: 
708, 1945. (h) Malinowski.*4 (i) Sapir, E.: The Status of Linguistics as a Science, 
Language 5:209, 1929. (7) von Humboldt, W.: Die Sprachphilosophischen 
Werke, Berlin, H. Steinthal, 1883, p. 290. (k) Whorf.°3 

11. Watson, J. B.: Behavior: An Introduction to Comparative Psychology, 
New York, H. Holt & Company, Inc., 1914, p. 439; The Ways of Behaviorism, 
New York, Harper & Brothers, 1928, pp. 83-85. 

12. According to William, Archbishop of York (Language and Thought, 
in Robinson, E. S., and Robinson, F. R.: Readings in General Psychology, ed. 2, 
Chicago, University of Chicago Press, 1929, p. 506), the philosopher Baron 
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ing psychology in accord with the objective approaches to behavior previously 
utilized by Franz, Pavlov, Bechterew, Carr, Angell, Morgan, Thorndike, Yerkes 
and others, he expressed the belief that thought processes are mere implicit neuro- 
laryngeal equivalents of (otherwise) overt manipulations characteristic of trial 
and error behavior. “Our contention,” he asserts, “is that in thought the words 
must be uttered silently before the habitual act arises . . . If their movements 
[referring to the larynx and tongue] could be adequately portrayed . . . we should 
get a record . . . which would largely reveal the subject’s word-habits, which, if 
we are not mistaken, make up the bulk of the implicit forms of behavior. . . . If 
we could find a case where a man suddenly lost his laryngeal apparatus without 
any serious injury to the other bodily mechanisms, we should have a crucial 
case. From our point of view there would be, or ought to be, a serious limitation 
in this man’s thought processes.” In 1920, an endeavor to answer certain ob- 
jections to his position, Watson!* quite justly declared that he had never held 
the view that thinking is entirely identifiable as implicit activity of laryngeal and 
tongue mechanisms. He conceived that implicit “mimetic” activities of the gen- 
eral bodily musculature and movements habitual to writing, sign language and 
the formation of ‘words on lips” might play a similar role. Nevertheless, among 
objective psychologists, the notion persisted that the language mechanisms are 
the thinking mechanisms par excellence.14 

Travis,!5 following the Gestalt interpretation of the holistic functioning of the 
organism under graded centers of physiologic dominance, postulated that a de- 
fect in language function resulting from a cerebral lesion (e.g., dysphasia) may 
be expected to reduce the genéral thinking ability of the sufferer and thus to pre- 
judice his maximum efficiency. In thus recognizing the role of the central neural 
mechanism, Travis went beyond Watson, whose theoretic considerations in re- 
spect of the laryngeal apparatus have already been noted. In 1937, I16 adopted a 
position similar to that of Travis. However, I now feel under the necessity of 
suspending judgment on the matter. 

A view somewhat intermediate between the mentalistic and later formulations 
is that expressed by Héffding:17 ‘While language may not be indispensable to all 
thinking, it greatly facilitates it and it is impossible to think in ‘abstracts’ with- 
out it.” Other authors!§ have asserted that words are regularly essential for “con- 


Gottfried von Leibnitz (1646-1716) was among the first to observe that ‘“‘words 
are sometimes more than signs of thought: they may become thought.” If this 
is true, Leibnitz may be said to have anticipated behaviorism and general seman- 
tics by fully two centuries. 

13. Watson, J. B.: Is Thinking Merely the Action of Language Mechan- 
isms? Brit. J. M. Psychol. 11:87, 1920. 

14. Dashiell, J. F.: Fundamentals of Objective Psychology, Boston, Hough- 
ton, Mifflin Company, 1928, pp. 480-486 and 509-548; A _ Physiological- 
Behavioristic Description of Thinking, Psychol. Rev. 32:54, 1925. 

15. Travis, L. E.: Speech Pathology, New York, D. Appleton-Century Com- 
pany, Inc., 1931, p. 331. 

16. Meyers, R.: Aphasia: A Problem in Differential Diagnosis and Re- 
Education, Quart. J. Speech 23:364, 1937. 

17. H6ffding, H.: Outlines of Psychology, translated by M. E. Lowndes, 
New York, The Macmillan Company, 1891, pp. 172-173. 

18. (a) Glicksberg.1°4 (6b) Pick, A.: Sprachpsychologie und andere Stiidien 
zur Aphasielehre, Schweiz. Arch. f. Neurol. u. Psychiat. 12:105, 1923. 
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ceptual thinking.” Unfortunately, the interested reader is left unenlightened con- 
cerning, for example, what may be considered “abstracts” and how they may be 
differentiated from the nonabstract, or concrete, and concerning what may be 
considered “conceptual,” as opposed to other than conceptual, thinking. Such 
practice of arbitrarily polarizing terms so manifestly crucial to a hypothesis with- 
out troubling to validate the implied differentia is commonly encountered. Its in- 
herent dangers should be clearly recognized. 


A problem closely bound to that of the language-thought relationship raises 
the issue whether or not dysphasic disorders are due to impairment of “atten- 
tion,” “observation,” “concentrated thinking” and “abstract reasoning,” that is, of 
“intellect.” Here, again, the impartial reader encounters hopelessly irreconcilable 
views advocated by writers whose qualifications (in terms of sustained interest in 
the subject and wide clinical and pathologic experience) for making observations 
and for drawing general conclusions can scarcely be challenged. Thus, for over 
fifteen years, bitter controversy has engaged Binswanger19 and Lotmar,2° the 
former contending that aphasia is in large measure a “noetic defect”—a weak- 
ness of mind or intelligence—and the latter asserting it to be primarily a “lin- 
guistic difficulty’—a mere word finding defect. It is lamentable that their dis- 
putations have recently degenerated to a level approaching personal character- 
ization, for resolution of their disparate views now seems farther away than ever. 


666 


Kennedy and Wolf,21 in an intensive clinical study of 3 cases of dysphasia, 
denied that intellectual functions are necessarily altered as a consequence of a 
“loss of symbols” per se. Likewise, Weisenberg and McBride,’ although acknowl- 
edging that intelligence may suffer in particular ways, asserted that aphasia does 
not involve a general intellectual deficit. They emphasized the important point 
that language symbols and verbal formulations permeate mental functions to a far 
greater extent in some persons than in others and that for this reason greater or 
smaller manifestations of general intellectual disorder may appear in different 
dysphasic persons. For Goldstein,22 the various symptoms of dysphasia represent 
the expression of a single functional disorder, viz., Gestaltstérung—an incapacity 
for differentiating between “figure” and “ground.” Pick18> stated the belief that 
dysphasic disorders in general and paraphasias in particular rest on a “lack of in- 
hibition.” Thus, both Goldstein and Pick stand at variance with Kennedy and 
Wolf and Weisenberg and McBride. 


From what has thus far been indicated in this survey, it is clear that 
a desirable degree of scientific confirmation is not at present available 
for any of the rival views advocated; nor does it appear likely that 
methods of impression will suffice to resolve the related issues, how- 
ever intensively and extensively they may be pressed into service. 


19. Binswanger, L.: Zum gegenwartigen Stand der Lehre von der Wort- 
findungsstérungen, Schweiz. Arch. f. Neurol. u. Psychiat. 36:342, 1935. 

20. Lotmar, F.: Zur Lehre von der erschwerten Wortfindung und ihrer 
Riickwirkung auf das Denken des Aphasischen, Schweiz. Arch. f. Neurol. u. 
Psychiat. 45:341, 1940. 


21. Kennedy, F., and Wolf, A.: The Relationship of Intellect to Speech 
Defect in Aphasic Patients, J. Nerv. & Ment. Dis. 84:125 and 293, 1936. 

22. Goldstein, K.: Ueber Aphasie, Schweiz. Arch. f. Neurol. u. Psychiat. 
19:3, 1926; After Effects of Brain Injuries in War, New York, Grune & Stratton, 
Inc., 1942. 
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Patients exhibiting a moderately severe degree of receptive dysphasia 
appear to afford a singular opportunity to inquire into the relationship 
between thinking behavior and language. I first employed such sub- 
jects in this connection in 1940. The purpose of the present paper is to 
communicate an experimental technic by means of which the problem 
has been attacked, to record the results obtained in a short, controlled 
study of dysphasic patients and to suggest the possibilities for further 
elaboration of the method in anticipation of future experimentation 
along these lines. 


THE EXPERIMENTAL PROBLEM 


PURPOSES 


The specific purpose of the present inquiry was to measure the ca- 
pacity of the dysphasic patient in a multiple choice situation to solve 
relatively complex problems of a sort not theretofore encountered in his 
experience and calling for the exercise of discrimination, abstraction and 
generalization. The acquisition by the patient of a successful procedure 
for solving new problems related, via an invariable concomitant, to re- 
cently encountered problems was considered an index of his having 
reached some kind of serviceable general formulation. This was, in fact, 
taken as the criterion of his thinking ability in reference thereto. 

As employed in this communication, the term thinking refers to a 
form of trial and error anticipatory behavior,?* for the most part highly 
implicit, but in no sense necessarily exclusive of explicit components, and 
bearing reference to problem-solving activity. There is in the present 
state of the development of psychologic science but one objective means 
of determining in a given subject (a) whether “thinking” as here de- 
fined has been going on and (b) what the subject’s ability is in respect 
to the particular problem. This consists in observing the explicit, con- 
summatory aspects of his behavior that supervene toward the close of the 
period in which thinking is presumed to have been in process. Con- 
sistent with this view, “thinking ability” becomes measurable in terms 
of economy of time, movement and similar quantitations having to do 
with adaptiveness of behavior. 

In the present inquiry, a priori convictions that symbolic language 
is indispensable to thinking in human subjects have not been held; nor 
has it been assumed that symbolic language necessarily facilitates the 
process. There is at least as much evidence from sociologic, psychologic 
and other anthropologic sources?‘ to indicate that language formula- 


23. Ruger, H. A.: The Psychology of Efficiency: Contributions to Philo- 
sophy and Psychology, New York, Columbia University Press, 1910, vol. 19, p. 21. 

24. Frazer, J. G.: The Golden Bough: A Study in Magic and Religion, 
New York, The Macmillan Company, 1942. Huse.19f Whorf.33 
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tions can mislead as that they can aid the person toward adaptive solu- 
tions of his problems. The assumption was made that in dysphasic pa- 
tients of the sort selected there obtains a reduced accessibility of implicit 
speech cues*® as compared with that of the patient’s premorbid states 
and/or with that of nondysphasic persons. On this assumption, an at- 
tempt was made to ascertain whether a difference in thinking ability 
could be demonstrated in the performances of dysphasic and nondys- 
phasic subjects confronted with comparable problem situations. It was 
reasoned that if factors other than the accessibility of implicit speech 
cues could be held constant and if, for example, the performances of 
nondysphasic persons could be shown to be unequivocally superior to 
those of dysphasic persons, then defensible grounds might be considered 
to exist for the contention that the thinking ability of the former is 
better (in the sense of being more adaptive) than that of the latter. 
From this, in turn, the inference might be warranted that the “better” 
thinking ability of nondysphasic persons is imputable to, derives from, or 
perhaps actually consists in, the greater accessibility of implicit speech 
formulations as compared with that of dysphasic persons. Such an in- 
ference, if sufficiently reenforced by evidence from other sources, would 
lend important support to the notions expressed by von Humboldt, 
Watson and certain writers of the Gestalt school. On the other hand, a 
failure to demonstrate such significant differences would suggest that, 
for the solution of the particular problems posed, implicit speech formu- 
lations either are unessential or, if essential, may be of a “lower” order, 
while yet remaining sufficient to the task, than some students have evi- 
dently thought necessary. 


MATERIALS AND PROCEDURE 
The Experimental (Dysphasic) Group.—From a group of clinically dysphasic 
patients, those exhibiting a receptive language disorder in respect to which a 
partial derangement of insight prevailed were selected for preliminary study. 
Selection was accomplished by administering a formal test for asphasia.26 Then, 


25. For the purposes of the present study it is not requisite to suppose that in 
the dysphasic patient the degree of reduction in accessibility of implicit speech 
cues necessarily runs parallel to that of explicit speech. From theoretic considera- 
tions (a discussion of which would be out of place here), it appears unlikely that 
the two will ultimately prove to vary in parallel fashion. The present experimental 
procedure may be considered warranted if the assumption is made, as appears 
justifiable on clinical grounds,2° that some degree of reduction in accessibility 
of speech cues does obtain. 

26. The test referred to consists of thirteen categories of examination bear- 
ing reference to verbal and gestural language, eupraxia and eugnosia. Originally 
employed by me while I was on the neurosurgical service of Dr. Jefferson Browder 
at Kings County Hospital, Brooklyn, it has been administered in 116 cases up to 
the present, certain minor revisions having been made from time to time as 
deemed necessary. The test will appear in a forthcoming issue of the Journal of 
Speech and Hearing Disorders. 
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for each of the 46 patients thus examined, the degree of dysphasia (ranging 
from slight to virtually complete receptive and emissive disorders) was grossly 
quantitated on a scale from 1 to 5, and, from among these, 18 considered to have 
moderately severe dysphasic disturbances and graded at either 3 or 4 on the scale 
were retained for the present investigation. 


Other criteria were arbitrarily set up for the selection of the experimental 
group: (1) a chronologic age between 10 and 50 years; (2) clinically demonstra- 
ble integrity of the segmental and suprasegmental neural structures subserving 
(a) visual acuity and (6) color discrimination2? for the particular stimuli em- 
ployed in these experiments; (3) absence of clinically significant emotional and 
other “functional” personality aberrations, and (4) pathologic lesions confined to 
one cerebral hemisphere, relatively stabilized as regards progression and regres- 
sion, and grossly uncomplicated by remote and diffuse circulatory effects conse- 
quent on measurable degrees of intracranial hypertension. Patients with diffuse 
inflammatory and disseminated degenerative diseases, recent craniocerebral trauma 
and diseases of the cerebral blood vessels, e.g., arteriosclerosis, thromboses and 
apoplectic hemorrhages, were excluded because of the uncertainty as to the 
presence and loci of pathologic lesions other than those presumed to subtend 
dysphasia. The admissible lesions narrowed down, in effect, to old cortical cicatri- 
cial processes of traumatic origin, healed abscesses of the brain, postoperative 
cerebral tumors and slowly growing tumors in the preoperative period. 


The intelligence quotient of each adult dysphasic patient was determined by 
the administration of the performance parts of the Wechsler-Bellevue test of adult 
intelligence. For subjects under 14 years of age, form L of the 1937 revision of 
the Stanford-Binet scale was employed. 


The Control (Nondysphasic) Groups.—Each dysphasic patient was matched 
as closely as was feasible with respect to age, sex, color, formal schooling, original 
language, intelligence quotient and socio-economic status28 with a “normal” 
control, i.e., a patient living under hospital conditions of diet and daily routine 
similar to those of the dysphasic group but not suffering from a cerebral disorder. 
The conditions for which the control subjects were under treatment included 
diseases of the spinal cord and peripheral nerves of traumatic and neoplastic 
character, Raynaud’s disease, Buerger’s disease (thromboangiitis obliterans), tri- 
geminal neuralgia and Bell’s palsy. The “normal” controls were given the same 


27. The test of color discrimination consisted in presenting the subject with 
twenty buttons similar in size to those on the apparatus itself, each covered with 
one of the four primary colors—red, green, blue and yellow—and commingled 
in random fashion. The subject was required to segregate all buttons of like 
color into separate piles. Only 1 dysphasic patient had to be excluded from the 
study, owing to red-green color blindness. 


28. It is to be acknowledged that only the roughest approximations could be 
made in regard to the item designated “social and economic status’ and no 
great stress is intended to be placed on its significance. With 4 exceptions, all 
patients studied were from the relatively low income brackets, eligible for free 
or low cost medical care in a large metropolitan hospital. As has been well de- 
monstrated in sociologic studies of the sort carried out by Davis (The Under- 
privileged Worker, Etc., Rev. Gen. Sem. 3:241, 1946), the home neighborhood, 
family school, community and other environmental activities to which persons of 
the economic status of these patients have access are in no small measure deter- 
mined by the level] of their income. 


‘ 


Subject 
L.B. 
J.B. 


E.R. 
B.E. 


B.H. 
N.V. 


E.E. 
S.P. 


M.A. 


R.L. 
G.B. 


N.U. 
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TABLE 1.—Data Relevant to Matched Pairs and Trios 


35 
33 
33 
aA 
36 
35 
37 
38 
38 
32 
38 


BENS SNREES 


Intelli- 
gence 


Formal 


Race Quotient Education* 


424242824 442 42 €2 $2 422 


222 244 


92 
87 


70 
72 


Gr. 4B 
Gr. 4B 


H.S. 4 yr. 
H.S. 2 yr. 


Grad. Gr. 
H.S. 2 yr. 


H.S. 1 yr. 
H.S. % yr. 


H.S. 1% yr. 


H.S. % yr. 


Grad. Law 
Coll. 2 yr. 


Grad. Gr. 
Gr. 7B 

H.S. 2 yr. 
H.S. 3 yr. 


Grad. Gr. 
H.S. % yr. 


H.S. 3 yr. 
H.S. 2 yr. 


Grad. Gr. 
H.S. 1 yr. 


Gr. 7A 
Gr. 8A 


Grad. Gr. 
Grad. Gr. 


H.S. 1 yr. 
Gr. 7B 


Grad. Gr. 


H.S. 2 yr. 
H.S. 1 yr. 
H.S. 2 yr. 


H.S. 1 yr. 
H.S. 2 yr. 
Grad. Gr. 


Grad. Gr. 
H.S. % yr. 
H.S. % yr. 


Gr. 7B 
Grad. Gr. 


Gr. 7A 


Diagnosis 
Healed abscess 
Normal control 


Tumor Pre-op. 
Normal control 


Traumatic cicatrix, 
postoperative 


Normal control 


Healed abscess 
Normal control 


Tumor, postoperative 
Normal control 


Tumor, postoperative 
Normal control 


Tumor, postoperative 
Normal control 


Traumatic cicatrix 
Normal control 


Traumatic cicatrix, 
postoperative 


Normal control 


Tumor, postoperative 
Normal control 


Tumor, preoperative 
Normal control 


Healed abscess 
Normal control 


Tumor, postoperative 
Normal control 
Porencephaly 
postoperative 
Normal control 


Traumatic cicatrix, 
postoperative 


Tumor, postoperative 


Normal control 
Tumor, postoperative 


Porencephaly 
Normal control 
Tumor, postoperative 


Tumor, preoperative 
Normal control 
Tumor, preoperative 


Embolus (air) 
Normal control 


Cicatrix, postoperative 


Test for 
Aphasia 


3 


orf © 


on CH OR COCR HW OR 


oF OW 


or OFF FB 


Cow ow 


~ 


*In this column, Gr. indicates grade school; H.S., high school; Grad., graduate; Grad. 


G., graduate grade school. 


tAppreciable disparity between intelligence quotient of dysphasic person and that of his 
matched control. While it is desirable, of course, that such disparities be avoided, so long 
as the intelligence quotient of the dysphasic member does not exceed that of his matched 
fellow, it is unlikely that the results of the present inquiry will be significantly influenced 


thereby. 
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Sex || 
M 
| 
M | 
M 90 
M 16 
7 
| M 117 
V.L. F 88 
PB. 93 
J.Ca. M 98 
LR. F 118 | 
A.K. F 122 
S.B. M 89 
M 98 
D.S. M 94 
PN. M 88 
F.M. M 106 
M 104 
A.R. F 72 P| 
C2. F 78 
lt: 
J.M. M 87 
£.Q. M 96+ 
R.V. M 104 
99 
N.A. 33 M 62t 
H.S. 37 M 85 
V.G. 3A M 74 
R.B. 38 M 96 
B.E. 35 M 89 [ 
B.W. 39 M 100 
C.L. 40 F 74t 
EM 3 F 20 
OC. 45 F 1 
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preliminary test for aphasia as that used in the experimental group. Essentially 
negative results were obtained (table 1). 

In addition to the “normal” controls, it was possible in the case of 5 dysphasic 
patients to match each with a second control subject—a patient having a similar 
cerebral lesion but localized in the nondominant hemisphere. The test for aphasia 
was administered to these subjects, with results comparable to those obtained in 
the “normal” control group. 

The data bearing reference to the 13 matched pairs and the 5 matched trios 
are summarized in table 1. 


Apparatus.—The crucial procedure of the inquiry was devised in such man- 
ner as to reduce to a minimum the necessity for the utilization of speech symbols 
in reference to (a) the directions communicated to the subject by the experi- 
menter and (6) the responses of the subject in his efforts to solve the problems 
presented. 

The multiple choice apparatus was mounted on a table, at opposite ends of 
which were seated the subject and the examiner, each within view of the other 


Fig. 1.—Multiple choice apparatus. E indicates examiner’s control panel; 
S, subject’s panel; Cc, gray metal covers for blocking out button keys on subject’s 
panel in accord with pattern as scheduled; L, electric lamp. 


(fig. 1). The subject faced a bank of ten push buttons, arranged in linear fashion 
within his easy reach, and a small electric lamp (ZL) mounted above and behind 
the center of the bank (fig. 2). The examiner faced a switchboard, hidden from 
the subject’s view, from which he could control the crucial button which, being 
pressed by the subject, extinguished the lighted electric lamp (fig. 3). Other 
essentials of equipment consisted of covers in saturated red, green, blue and 
yellow which could be readily fitted over the otherwise black buttons, and several 
gray metal shields (Cc, fig. 1) of such lengths as to permit the examiner to 
cover any desired number of buttons. 


Test Procedure.—The following verbal directions were given the subject at 
the outset of the experiment: “In each series of buttons, one will always put out 
the light. You are to try to find the correct button in the fewest number of tries.” 
It is apparent, of course, that the comprehension of these directions calls for a 
certain capacity for language perception on the part of the subject. Criticisms 
that might be raised on theoretic grounds in this connection were met in two 
ways: first, by selecting dysphasic patients having, as already indicated, a moder- 


| Ce L 
3 


130 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


ate, rather than severe, degree of dysfunction, and, second, by a preliminary 
demonstration, in which both experimenter and subject participated, of three or 
more sample tests. When, in the judgment of the examiner, the subject appeared 
to comprehend the goal, the actual testing was begun. 

The various multiple choice tests were administered on two successive days. 
Those given on the first day comprised part A, and those on the second day, 


Fig. 2.—-Subject’s panel, consisting of ten button keys, closure of only one of 
which in a given problem extinguishes the electric lamp, L. For part A (position 
problems), all buttons are black; for part B (color and position problems), but- 
tons are covered with red, yellow, green and/or blue jackets. 


Fig. 3.—Experimenter’s control panel, showing paired toggle switches and, 
at extreme right, master control switch. This panel is hidden from the subject. 


part B. The purpose of interposing a twenty-four hour interval between parts A 
and B was twofold: (a) to offset the decremental effects of fatigue and ennui 
and (6) to suggest that the type of problem in part B differed in some respects 
from that in part A and that, presumably, a modification of the formulation 


| 
| 
| 
| 
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used on the previous day in connection with part A was indicated. For the most 
part, the patients appeared to sustain a positive interest in the tests, and they 
were frequently inquisitive about their achievements relative to those of other 
subjects. 


In part A all buttons were black. The test consisted of four subdivisions (des- 
ignated Al, A2, A3 and A4), the solutions of which were in each instance 
different. Each subdivision posed ten separate, but related, problem situations, the 
solution for all of which was the same. Each problem situation presented a specific 
number of buttons spatially disposed on the keyboard in a predetermined manner, 
as indicated in table 2. The pattern for each successive test was executed by the 
examiner through the appropriate use of shields and switch keys. 


Scoring.—The subject was considered to have arrived at the proper solution 
to a given subdivision of the test if on the first attempt in any five successive 
problem situations he attacked the correct button. For a success of this sort he 
was assigned an arbitrary score of 3. On completion of a subdivision, each subject 
was invited to assert whether he “knew” which was the crucial button, and, if so, 
to explain how he knew. For a correct verbal report he was given 3 points. In 
this way a subject who failed to “formulate” by any means—-verbal or otherwise 
a proper solution early enough in the subdivisions to apply it to the last five prob- 
lem situations was afforded a second opportunity to verbalize his working formula 
and thus to receive a bounty. In subdivisions A3 and A4 some subjects offered but 
partially correct verbal reports, omitting certain essentials. Thus, a statement 
bearing reference to A3, “First and last button” is partly correct but fails to 
express the necessity for dealing with the patterns in alternating order; similarly, 
with reference to A4, the verbal formulation, “Button left of center and right of 
center” is incomplete in that it fails to include the notion of alternation. In such 


instances, only 1.5 points was assigned. 


The method of scoring provided for neither a time limit nor a time bonus. 
It seemed reasonable that the dysphasic patient should not be penalized for a dis- 


turbance of motor control and coordination due to hemiparesis and/or dyspraxia 


exhibited by his hand of preference. Ample time to cope with the problem 
situation was therefore allowed, and the examiner merely counted and recorded 
the number of buttons attacked in each problem situation. 


In part B the alinement of buttons was the same as that in part A. How- 
ever, each button was now covered wih one of the four primary colors: red, 
green, blue and yellow. This part was comprised of five subdivisions (designated 
as B1, B2, B3, B4 and B5), the solutions of which were in each instance dif- 
ferent. As in part A, each subdivision posed ten separate, but related, problem 
situations, the solutions for all of which were the same. In part B it was intended 
to alter the configuration of the problem by adding color to the factors of number 
and spatial position employed in part A. The following verbal directions were 
given to the subject: “You remember that yesterday all the buttons were black. 
Today we will use COLORED buttons (the examiner referring to the keyboard), 
and again you are to try to find the button that will put out the light in the 
fewest number of tries.11 The patterns used and the order of their presentation 
are set forth in table 3. 


No introductory demonstrations were used in part B, the subject being now 
considered sufficiently oriented in respect to the problem if he merely retained 
the notion that the principal goal consists in discovering as early as possible the 
button that extinguishes the light. 
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TaBLeE 2.—Multiple Choice Test: Part A 


Subdivision Al. Solution: Second Button from Left 


Examiner's 


> Shia 
Buttons Shielded Switch on 


Problem 


Situation Left Right Key Numbers 
1 0 5 2 
2 o 0 5 
3 5 0 7 
4 2 3 3 
5 0 9 
6 4 2 6 
7 1 3 3 
& 6 0 8 
9 4 0 6 
10 2 2 4 


Subdivision A2. Solution: Middle Button 


1 2 3 5 
2 0 3 4 
3 1 4 4 
} 0 2 
5 0 1 5 
6 0 
7 3 0 7 
8 0 3 
9 7 0 
10 ) 2 6 


Subdivision A3. Solution: Alternating Between First Button on Left and First on Right 


1 0 5 1 
2 5 0 10 
3 3 2 4 
4 1 9 
5 2 3 3 
6 0 5 
7 5 0 6 
8 2 3 7 
9 1 4 2 
10 3 2 & 


Subdivision A4. Solution: Alternating Between Button Just to Left of Center and 
That Just to Right of Center 


1 0 5 2 
2 5 0 9 
3 3 2 5 
4 4 1 8 
> 2 3 4 
6 0 5 4 
) 0 7 
8 2 3 6 
9 1 4 

10 3 2 7 
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TaBLeE 3.—Multiple Choice Test: Part B 


Subdivision B1. Arrangement of Colored Covers: 


< 5 6 i 8 9 106 
Solution: Blue Button 


Examiner's 
Switch on 
Situation Left Key Number 


Problem Buttons Shielded 


Subdivision B2. Arrangement of Colored Covers: 
Solution: Alternating 3etween 
ted and Green Buttons 


Subdivision B3. Arrangement of Colored Covers: 
2 WwW 
KR. R 
Solution: Red Button Farthest to 
Right 


1 
2 
4 


to 


Subdivision B4. Arrangement of Colored Covers: 
Solution: Alternating, Green Far- 

thest to Left and to 
Right 


Ae 


Oe 


a 


Subdivision B5. Arrangement of Colored Covers: 
Right 
B 
Solution: Button Between the 
Pair of Colors 


WIAD 


= 
Cw 
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1 0 6 2 
2 2 t 
3 6 ) 10 
1 2 
5 0 10 
6 1 6 2 
7 2 2 5 
Q 7 0 10 
9 0 Kg 2 
10 3 3 2 
1 0 6 3 
2 3 3 6 
3 6 0 Ss 
4 0 6 1 
5 3 3 ) 
6 6 0 10 
7 5 1 5s 
8 0 6 1 
9 3 3 5 
10 5 1 6 
4 

10 

2 7 

6 3 

1 9 
3 7 
0 10 

9 = 2 7 
10 | 0 10 
1 1 
2 9 
3 4 
4 6 
5 8 
6 
7 6 
Ss 
9 2 
10 9 
1 0 5 2 
2 4 + 

6 0 9 

4 1 6 

0 6 2 

0 9 

1 4 5 
4 2 6 
| 0 7 2 
3 4 5 
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It was surmised that the subject’s performance in part B was likely to be 
influenced by the practice effect of part A and the consequent establishment of 
an attitudinal set. These factors, however, were regarded as similar for both the 
dysphasic and the nondysphasic subjects, and in any case the ability to “shift” 
in a manner so as to overcome the interference offered by them was accepted 
as an integral and inseparable part of the problem. It will be recognized that 
even within part A a shift of attitudinal set in passing from one subdivision to 
the next is required. 


Scoring.—As in part A, a score of 3 was assigned for five consecutive suc- 
cessful responses on the first trial at each problem situation, and a score of 3 
was given for a correct verbal report of the solution in each subdivision. In three 
subdivisions it was deemed advisable, in view of the verbal formulations actually 
offered, to assign part credit in accord with the following schedule: 


B2: ‘‘Red and green’’ (omitting to designate alternation) 
‘Red and green’’ (reserving the possibility of another color) 
‘‘Mostly red,’’ or ‘‘mostly green’’.... 

B3: ‘‘Red’’ (omitting to designate position)............ 

B4: ‘‘First and last green’’ (omitting to designat 
‘‘Always the green’’ (omitting position and alternation) 


RESULTS 


The scores made by each subject in the four subdivisions in part A 
and the five subdivisions in part B are indicated in table 4. 


Part A.—Gross inspection of the results indicates that of the 23 
pairs (5 of which were derived from combinations within the trios) the 
total scores made by the dysphasic supjects equaled those of the cor- 
responding nondysphasic members in 7 instances. In 7 instances the 
nondysphasic subject surpassed his matched fellow, and in 9 the reverse 
circumstance obtained. From this, there does not appear to be a con- 
sistent trend favoring the performance of one group over the other, ir- 
respective of whether the dysphasic subject was matched with a “normal” 
control or with a patient having a lesion in the subordinate hemisphere. 
The arithmetical mean score for the dysphasic patients in part A was 
7.6, and that of the nondysphasic subjects, 7.3. These differences are 
probably without statistical significance, inasmuch as the standard 
deviation of the scores for the dysphasic subjects was 6.57, and that for 
the nondysphasic subjects, 3.96. 


Part B.—Gross inspection indicates that in 1 instance the total score 
made by a dysphasic subject equaled that for the corresponding non- 
dysphasic subject and that in 4 instances the differences in scores be- 
tween the members of a pair were negligible, amounting to less than 
0.5. In 11 instances the nondysphasic subjects surpassed their paired 
dysphasic fellows, and in 7 cases the reverse held true. As in part A, no 
consistent trend is in evidence here—a circumstance which obtains 
whether the dysphasic subject is compared with a “normal” control or 
with a matched subject having a lesion in the subordinate hemisphere. 
The arithmetical mean of the score for the dysphasic subjects in part 


1.5 
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TABLE 4.—Scores Made by Subjects in Each Problem Situation 


Part A Part B 
Subject A2 


L.B. 
J.B. 


E.R. 
B.E. 


B.H. 
N.V. 
E.E. 


M.A. 
R.L. 
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} | 0 0 0 0 0 3 3 Lo 0 3 10.5 
0 0 3 1.5 1.5 0 73 
|| 0 0 0 0 0 3 0 L5 2 0 6.5 
0 0 L.5 0 1.5 3 0 0 0 3 6.0 
0 0 0 3 3.0 3 By 1.5 1.5 0 6.75 
3 0 Lo 0 4.5 3 2 1S 1.5 0 8.0 
3 0 3 0 6.0 3 2 1.5 1.5 0 8.0 
3 0 0 3 6.0 3 0 3 0 ) 6.0 
|| 0 3 3 3 9.0 3 1.5 5 2 0 8.0 
3 3 3 3 12.0 3 3 3 3 0 12.0 
G.B. 3 3 3 3 12.0 3 0 1.S 3 0 ye 
N.U. 3 0 3 3 9.0 3 2 1.5 3 3 11.0 
Vien 0 3 3 0 6.0 o 2 0 2 3 10.0 
P.B. 3 0 4.5 2.5 9.0 3 5 1.5 1.5 3 14.0 
M.S. 0 3 4.5 9.0 3 0 0 6.5 
J.Ca. 3 0 i.3 1.5 6.0 6 i.5 1.5 0 11.0 
L.R. 6 3 6 6 21.0 6 4.5 3 2 0 15.5 
A.K. 6 3 6 4.5 19.5 6 2 4.5 0 3 15.5 
S.B. 3 0 3 0 6.0 3 4.5 3 5 3 18.5 
T.W. 3 8) 1.5 0 4.5 6 3.75 0O 3 3 15.75 
D.S. 0 2 0 3 6.0 3 2 1.5 0 0 6.5 
P.N. 0 0 4.5 3 6.0 3 4.5 5 1.5 0 10.5 
F.M. 6 6 ) 3 15.0 6 3 3 3 3 17.0 
J.Co. 3 6 LS p B 12.0 6 4.5 4.5 1.5 0 16.5 
A.R. 0 3 0 0 3.0 3 8) 0 1.5 0 4.5 
C.R. 0 3 3 0 6.0 3 3.75 O 4.5 0 11.25 
ec; 3 3 3 0 9.0 3 a 3 5 3 12.5 
J.M. 3 3 3 0 9.0 3 2 2.5 i.5 0 8.0 
J.K. 3 0 0 4.5 3 2.5 2.5 0 7.5 
J.Q. 0 3 4.5 i.5 9.0 3 3.75 1.5 1.5 0 9.75 
R.V. 0 0 35 3 4.5 3 2S 0 2 3 9.5 
L.F. 0 3 3 3 9.0 6 By 1.3 2 0 10.25 
N.A. 3 0 3 0 6.0 3 0 1.5 2 0 6.5 
H.S. 8) 0 1.5 LS 3.0 6 1.5 0 0 s 10.5 
V.G. 3 0 3 ao 7.5 3 0 i.5 0 0 4.5 
R.B. 0 3 4.5 3 10.5 3 By 1.5 2 0 7.25 
B.E. 0 3 3 4.5 10.5 3 5 8) 2.3 3 12.5 
B.W. 3 0 1.5 4.5 9.0 3 1.5 5 11.0 
€t. 0 0 3 3 6.0 3 2 3 2 0 10.0 
E.M. 0 3 1.5 1.5 6.0 0 3 1.5 1.5 3 9.0 
ec. 3 3 L.5 0 7.5 3 we 2 LS 3 11.25 
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B was 9.5, and that for the nondysphasic subjects, 10.6. The differences 
are probably without statistical significance, inasmuch as the standard 
deviation of the scores for the dysphasic members was 3.85 and that for 
the nondysphasic subjects was 3,29. 


COMMENT 


The behaviorist’s view of the mode by which a solution is reached 
for a relatively complex nonverbal problem (e.g., one involving manipu- 
lation, as in the familiar wiggly-blocks or in Ruger’s wire puzzles) sug- 
gests that characteristically an implicit verbalization becomes formulated 
in consonance with a persevering process of trial, error and fixation-of- 
chance-success, and that thereafter it is available for subsequent attacks 
on similar problems.'! Applying this notion to the present experiment, 
one might expect a useful generalized schema to take some such form 
as the following: “Irrespective of its color or other positional features on 
the bank, the button to press is that which lies between any two buttons 
of the same color” (subdivision B5). The mentalistic view, as has been 
seen, requires no language formulation for the solution of such a prob- 
lem or, for that matter, of any problem. When such verbalization or 
other symbolization is present, it is regarded as subsequent to the 
“thought-out” solution, or concomitant with it, but in neither case an 
integral and an indispensable part of it. 


The endeavor to decide which of these rival hypotheses (or other 
pertinent views) is to be given preference depends on the answers 
reached in respect to certain questions: 1. Is there substantial evidence 
that such verbal or other language formulations actually exist whenever 
a consistent method of solving problems of a relatively complicated char- 
acter has been reached? 2. If so, are these the only means by which 
such solutions can be reached for problems of a similar or higher order 
of complexity, or are such formulations unessential to arriving at the 
solution, and hence of the nature of mere verbalizations, employed by 
the subject when obliged (as he often is) to communicate the manner 
of solving the problem to a listener? 3. Do persons with disorders of 
language mechanisms—central or peripheral; verbal, written, mimetic or 
gestural—regularly exhibit defects in thinking when tested in problem 
situations of a relatively nonverbal character; and, if so, can it be defen- 
sibly asserted (even in some cases) that their thinking defects are indeed 
subtended by the disorder of language per se? 

While the data recorded in the present inquiry appear to indicate 
that no significant difference obtains between the performances of dy- 
sphasic and those of nondysphasic subjects in the particular problems 
posed, caution is strongly indicated against the temptation to draw 
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general conclusions therefrom by means of which the questions just 
raised may be answered. 

Whether the data as collected in this inquiry are to be acknowledged 
as valid may well be questioned. For one thing, considering the enormous 
number of psychologic and physiologic variables involved, the series is 
far too small to warrant employment of statistical methods. In a series of 
several hundred cases, it might fairly be expected that certain of these 
adventitious and uncontrolled factors would tend to cancel themselves. 
No such advantage is realizable in a small series. For another, the criteria 
adopted for the determination of whether “thinking” has taken place are 
of necessity somewhat arbitrary; and, while it is likely that these criteria 
will be accepted in many circles, it does not follow that they correspond 
to all possible ways of thinking. That other criteria may be urged is to 
be acknowledged. Again, this inquiry has proceeded on a particular 
clinical assumption, namely, that in dysphasic persons there obtains a 
reduced accessibility cf implicit speech cues. This assumption, if proved 
untenable, would, of ccurse, invalidate the results obtained. There is also 
room to question whether the dysphasic subjects used in this short study 
are fairly zepresentative of dysphasic persons in general. Cobb,?° for 
example, and Nielsen,*® who asserted the existence of qualitatively dif- 
ferent types of receptive dysphasia, would perhaps require to be in- 
formed concerning which of their types were actually under study here. 
To this inquiry, I should be under the necessity of indicating that, while 
in theory their distinctions of perception, recognition, comprehension 
and understanding may possibly be warranted, I have been unable, after 
using a variety of tests, to confirm that dysphasic patients readily fall 
into the proposed categories. Pursuing self critique further, one may 
likewise challenge the method of scoring used in these experiments. It 
is conceivable, for instance, that the use of a time bounty would have 
considerably altered the scores, and that a different “weighing” of the 
motor and verbal modes of solution might have given other results. It 
is also probable that different, and possibly more reliable, scores could 
be obtained by increasing the number of problem situations from the ten 
here employed to twenty or thirty in each subdivision. Finally, it must 
be clearly apprehended that the data reported here bear reference at 
best to the particular multiple choice problem devised. That simliar prob- 
lems of greater difficulty and dissimilar problems of quite another 
character might demonstrate disparities between dysphasic and nondys- 
phasic subjects not now in evidence is to be acknowledged. Obviously, 


29. Cobb, S.: Borderlands of Psychiatry, Cambridge, Mass., Harvard Uni- 
versity Press, 1943, pp. 41-44. 


30. Nielsen, J. M.: Epitome of Agnosia, Apraxia and Aphasia with Pro- 
posed Physiologic-Anatomic Nomenclature, J. Speech Disorders 7:105, 1942. 
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a sustained, systematic attack on the language-thought problem demands 
consideration of these, and many similar, crucial matters. 

The present data, if conceded to be valid at all, appear to warrant 
the observation that in some instances both dysphasic and nondysphasic 
subjects reach solutions corresponding to which they are incapable of 
verbalizing a formula, and that for the problems here employed (in 
which a considerable degree of discrimination, abstraction, generaliza- 
tion and implicit behavior is requisite) no appreciable disadvantage 
seems to accrue from the pathologic circumstance of dysphasia as such. 

The method devised for attacking the problem of the language- 
thought relationship, and described here, is, of course, susceptible to al- 
most indefinite elaboration in the direction of increasing difficulty, and 
as such holds somt promise of profitable pursuit for future experimenta- 


tion. It is but a beginning, and little else is claimed for it. 


SUMMARY 


Experimental and theoretic considerations bearing on the perplexing 
problem of the language-thought relationship are reviewed, and their 
inconclusiveness and present irresolvability are indicated. The great 
bulk of the literature appears to be of the “impressionistic” variety. 

Patients exhibiting a degree of receptive dysphasia offer, for reasons 
suggested here, a singular opportunity to inquire into the relationship 
between language and “thinking” processes. 

A method is described whereby the language-thought problem may 
be attacked experimentally. The degree of receptive disorder was ap- 
proximated in 18 dysphasic patients by a test administered in a stand- 
ardized manner. Each patient was then matched with a “normal” hos- 
pitalized patient in respect to age, sex, color, formal schooling, social 
and economic status, original language and intelligence quotient. It was 
further possible in the case of 5 of the dysphasic patients to match them 
with nondysphasic patients having a lesion in the “subordinate” hemi- 
sphere. The ability of the dysphasic and the nondysphasic patients to 
discover solutions to “nonverbal” problems of graded difficulty was then 
measured by the use of a multiple choice apparatus. The prime object 
in each problem posed was to learn as quickly as possible how to ex- 
tinguish a light by selecting a crucial key bearing specific positional and 


color relations to neighboring keys. 
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The ready accessibility of language cues in nondysphasic persons 


might be expected, in terms of behavioristic, Gestalt and certain other 
theories, to afford their thinking processes an appreciable advantage over 
those of dysphasic persons. However, for the particular tests used here, 
no significant differences were demonstrable between the scores made 
by the experimental and the control groups. Generalizations based on the 


data thus far obtained do not appear warrantable. 


The method described is susceptible of indefinite elaboration as re- 
gards the difficulty of the problems posed. 


Miss Sylvia Brecher, A.M., and Mr. Benjamin Blatt, A.M., rendered valuable 
aid in the administration of the psychologic tests to the earlier subjects of this 
series. 


University Hospitals, State University of Iowa. 
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ACTIVATION OF HUMAN NERVES BY ISCHEMIA 


Trousseau's Phenomenon in Tetany 


ERIC KUGELBERG, M.D. 
STOCKHOLM, SWEDEN 


SCHEMIA plays an important role in the pathophysiology of the 
nervous system. This paper is an experimental study of the activity 
induced by ischemia in a definite system, the human A fibers, previously 
investigated from other points of view! with the aid of compression by 
a pneumatic cuff. 

If a pneumatic cuff is distended over the site of determination of the 
systolic pressure on the upper arm, paresthesia in the hand, spreading 
up toward the wrist, will develop within about a minute. This sensory 
disturbance is due to the fact that the fibers transmitting light touch are 
beginning to discharge in the proximal part of the longest ischemic nerve 
fibers. The ischemia increases the excitability of the nerve, thus precipi- 
tating the discharge. When the excitability subsides, owing to the con- 
tinuation of the ischemia, the paresthesia ceases. 

If the calcium content of the blood is reduced, or if its alkalinity is 
increased, the paresthesia becomes more intense and spreads farther 
proximally, because shorter nerve fibers are also beginning to discharge. 
Moreover, there supervenes a feeling of tension in the small muscles of 
the hand, as well as a tonic spasm, e.g., the Trousseau sign, sometimes 
preceded by fascicular twitchings in the affected muscles, due possibly 
to spontaneous discharge in proprioceptive and motor fibers in the 
proximal part of the ischemic nerves. If the ionized calcium is reduced 
still more, all the symptoms of irritation become more intense and spread 
farther proximally on the arm. If, on the other hand, the blood calcium 


This study was aided by a grant from Stiftelsen Thérése och Johan An- 
derssons Minne. 

From the Neurological Clinic and the Nobel Institute for Neurophysiology, 
Karolinska Institutet. 

1. Kugelberg, E.: (a2) Accommodation in Human Nerves and Its Significance 
for the Symptoms in Circulatory Disturbances and Tetany, Acta physiol. Scan- 
dinav., 1944, supp. 24; (6b) Den neurologiska mekanismen fér de spontana 
tetanisymtomen, Trousseaus och von Bonsdorffs fenomen, Nord. med. 29:613, 
1946; (c) Neurological Mechanism for Certain Phenomena in Tetany, Arch. 
Neurol. & Psychiat. 56:507 (Nov.) 1946; (d) “Injury Activity” and “Trigger 
Zones” in Human Nerves, Brain 69:310, 1947. 
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should be increased beyond normal, not even the tactile paresthesia will 
be felt in the hand. The fibers for touch sensation remain quiet when 
exposed to ischemia. The calcium content or the fy value of the blood 
determines the degree of the increase of excitability caused by the ische- 
mia, and whether the critical value will be reached when the various 
fibers begin to discharge. The same principle applies to the spontaneous 
discharge during the period of excitability after ischemia.* 

In this connection, it is interesting to note an observation made by 
Lehmann,? who found that the spontaneous firing of mammalian A 
nerve fibers caused by asphyxia in vitro diminished or increased accord- 
ing to whether the concentration of ionized calcium was high or low. 

The ischemia causes discharge of both afferent and motor fibers; 
the spasm or the Trousseau phenomenon therefore may either be a re- 
flex or be due to direct excitation of motor fibers. This problem, of course, 
is old. Trousseau‘ himself considered the spasm to be a purely peripheral 
phenomenon. On the other hand, Frankl-Hochwart,® Schlesinger® and 
Schaffer? contended, though without producing conclusive evidence, 
that it was a reflex. Flick and Hansen® blocked the brachial plexus with 
procaine and, finding that the spasm could then no longer be precipi- 
tated by compression of the arm, concluded that it must be a reflex. 

The mode of excitation of nerve during local ischemia in hyper- 
ventilation and hypocalcemia will be electromyographically analyzed later 
in the paper and will be compared with direct electrical excitation. It is 
further shown that the Trousseau phenomenon depends on direct ische- 
mic excitation of the motor nerve fibers. 


MATERIALS AND METHODS 


In this investigation, experimental tetany was produced in 14 subjects by 
hyperventilation for five to fifteen minutes. Most of these subjects were examined 


2. Footnote 1. Gernandt, B., and Zotterman, Y.: Effect of Respiratory 
Changes upon the Spontaneous Injury Discharge of Afferent Mammalian and Hu- 
man Nerve Fibres, Acta physiol. Scandinav. 11: 248, 1946. 

3. Lehmann, J. E.: The Effect of Asphyxia on Mammalian Nerve Fibres, 
Am. J. Physiol. 119:111, 1937. 

4. Cited by Lewis.11> 

5. von Frankl-Hochwart, L.: Bemerkungen zur Lehre von der Tetanie, 
Deutsches Arch. f. klin. Med. 44:429, 1888. 

6. Schlesinger, H.: Versuch einer Theorie der Tetanie, Neurol. Centralbl. 
11:66, 1892. 

7. Schaffer, H.: Zur Kenntnis des Trousseauschen Phanomens bei der 
Tetanie, Deutsches med. Wchnschr. 39: 1073, 1920. 

8. Flick, K., and Hansen, K.: Zur elektrophysiologie sogenannter tonischer 
Verkiirzungszustande quergestreifter Skelettmuskeln: Das Trousseausche Phiano- 
men und die Pfétchenstellung bei der Atmungstetanie, Ztschr. f. Biol. 82:387, 
1925. 


142 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


two to four times. Moreover, 6 women with parathyroprival tetany (hypoparathy- 
roidism), with low values for the blood calcium, were examined. 

The ischemia was obtained by distending a pneumatic cuff over the area of 
determination of the systolic pressure on the arm. Blocking of a nerve, when 
necessary, was done on the ulnar nerve at the elbow by injection of 5 to 8 cc. of 
a 2 per cent solution of procaine hydrochloride containing epinephrine hydrochlo- 
ride in a strength of 1:50,000. The effectivity of the blocking was checked by 
demonstrating on an electromyographic control record that no voluntary impulses 
could pass through. 

Electromyographic records were taken with concentric needle electrodes, the 
action potentials being led off to a condenser-coupled amplifier connected to one 
beam of the cathode ray tube. The other beam was used for time recording, 
except in some experiments in which double leads were employed. The records 
were taken chiefly from the first interosseous muscle. Slowly rising currents were 
applied to the ulnar nerve a few centimeters proximal to the elbow, with registra- 
tion of the activity in the first dorsal interosseous muscle. The adjustment of the 
very slowly rising current was made by hand, and the current form was not re- 
corded. Monopolar cathode stimulation was employed. Further particulars re- 
garding this technic have been given by Kugelberg and Skoglund. 


RESULTS 


General Characteristics and Site of Origin of Motor Activity Induced 
by Ischemia.—Electromyographic records of the Trousseau spasm have 
been taken by other investigators.%° At that time, however, Adrian and 
Bronk’s concentric needle electrode was not yet available; hence, pad 
electrodes, which do not permit of a close analysis, were employed. 

The motor activity begins about ten seconds to one or two minutes 
after the cuff has been distended over the area of determination of the 
systolic pressure on the arm. The time interval depends partly on the 
severity of the tetany'® and partly on the place of the compression. The 
farther proximally the arm is compressed, the sooner does the activity 


9. Kugelberg, E., and Skoglund, C. R.: Responses of Single Human Motor 
Units to Electrical Stimulation, J. Neurophysiol. 9:391, 1946. 


10. Schaffer.7 Flick and Hansen.8 


1, record from the first interosseous muscle in a hyperventilation experiment. 
The start of discharge was due to ischemia. Calibration, 100 microvolts; time, 
1/100 second. 

2, records in a case of parathyroprival tetany. (@ and 6) Compression below 
elbow. Record a was taken at beginning of discharge; record b, at maximum dis- 
charge. (c and d) Compression of same arm just above elbow. Record ¢ was 
taken at beginning of discharge; d, at maximum discharge. (e) Maximum dis- 
charge on compression of arm at axilla. Full description is given in the text. 

3, records in a hyperventilation experiment, showing double spikes on com- 
pression above a cuff distended immediately before hyperventilation was started. 

4, records in a hyperventilation experiment. (a and b) Discharge on stimula- 
tion of the ulnar nerve with a slowly rising current. (c, e and d) Discharge on 
compression of the nerve at the same place. A full description is given in the text. 

5, records in hyperventilation experiment, showing postischemic discharge. 
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begin.!! In some cases only fascicular twitches, corresponding to single 
spikes, with an irregular frequency, develop in the electromyogram.'* 


If the increase of excitability due to the ischemia is sufficiently great, 
the characteristic tonic contraction in the muscles peripheral to the cuff is 
produced. The recorded activity then consists in low frequency spikes, 
which at first show an irregular frequency, and soon pass into a regu- 
lar rhythm. In many cases, however, the rhythm is regular from the out- 
set, especially if the excitation sets in rapidly (figure, 2). Sometimes the 
activity at first consists in long runs of spikes with regular frequency, in- 
terrupted by longer or shorter intervals of inactivity (figure, 7). In this 
record, the activity starts with a small spike of an amplitude of about 50 
microvolts, with a regular frequency of 20 per second. The next unit 
brought into operation has an amplitude of 400 microvolts and comes 
in runs with the same frequency, afterward passing into a continuous 
series of impulses. 


Often double spikes occur, separated by an interval of five to fifteen 
milliseconds (figure, 2, 3, 4 and 5). Since the second spike always has 
the same configuration, and practically the same size, as the first, the 
duplication must be due to an iterative response in the same motor unit. 
The second spike is usually somewhat shorter than the first. The dupli- 
cation does or does not affect the rhythm (figure, 2a). 

Double spikes have previously been observed in man in connection 
with the spontaneous spasm of tetany’? and were considered to be due 
to an iterative response in the motor end plate. This, however, is not the 
case here. 


If a pneumatic cuff is distended just above the elbow, to arrest the 
blood flow peripheral thereto, the peripheral stretch of nerve, end plates 
and muscles is cut off from the influence of alkalosis when the experi- 
mental subject hyperventilates. If, after four to five minutes of forced 
respiration, a new pneumatic cuff is distended proximal to the first, the 
same electromyographic picture of the motor activity with double spikes 
(figure, 3) is obtained; hence, it is evident that these spikes are not 
formed in the end plate. (Ischemia of the normal nerve without hyper- 
ventilation or hypocalcemia does not change the electromyogram in this 
respect.) Nor do double spikes arise in the center, since they are produced 
even when the nerve has been blocked with procaine proximal to the 
place of compression. Evidently, the duplication arises in connection 
with the excitation of the nerve itself. In a later paper on the spon- 


11. (a) Kugelberg!® (6) Lewis, T.: Trousseau’s Phenomenon in Tetany, 
Clin. Sc. 4:361, 1942. 

12. Turpin, R.; Lefebvre, J., and Lerique, J.: Modifications de l’électromyo- 
gramme élémentaire et troubles de la transmission neuromusculaire dans tétanie, 


Compt. rend. Acad. d. sc. 216:579, 1943. 
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taneous symptoms of irritation in tetany,!* these phenomena will be dis- 
cussed more thoroughly. 


If the arm is compressed just below the elbow in a case of parathyro- 
prival tetany (figure, 2), the activity starts with a unit having a regular 
frequency of 12 to 14 per second (record 2a). The next unit that comes 
in has a frequency of 11 per second, but afterward no further units ar- 
rive (record 6). After a few minutes’ compression they cease, when the 
increased excitability begins to subside. If, now, the arm is compressed 
just above the elbow while the first cuff is retained, the activity becomes 
more intense (records 2c and d) ; four units are brought into operation. 
If the arm is compressed as far proximally as possible (record 2e), the 
activity becomes still more intense and takes up the whole base line on 
the electromyogram. This illustrates that the nerve discharges more 
strongly the farther proximally it is exposed to the ischemia.'**° 


It is also interesting to note that in typical cases the unit started by the 
ischemia at first has a small amplitude. New units are then recruited 
with increasing intensity of the spasm, usually so that those which arrive 
later have progressively larger amplitudes. Thus, the units with a small 
amplitude have a lower threshold for continuous excitation with ischemia 
than those with a larger amplitude. In this respect, the nerve behaves 
to ischemia in a manner similar to stimulation with a slowly rising cur- 
rent. As first shown by Skoglund!‘ in experiments on cats, and as re- 
cently demonstrated and further analyzed by Kugelberg and Skoglund?!® 
on man, the current first excites “units” with a small amplitude, and, as 
it rises, increasingly larger spikes are brought into operation. 


This typical recruitment of spikes of different sizes is illustrated by 
records 2¢ and d and 4. In record 2c, it will be seen that the activity 
starts with an uncommonly large spike, with an amplitude of about 250 
microvolts. The next spike recruited lies at about 350 microvolts, and 
one of 100 microvolts sporadically occurs. In order to keep within the 
range of proportionality of the tube, the amplification must be somewhat 
reduced (record 2d). The fourth spike that now comes in has an ampli- 
tude of 500 microvolts. 


The frequencies, at the start, of the three units with regular rhythm 
are 13 to 15, 10 to 13 and 13 cycles, respectively, per second, with me- 


13. Kugelberg, E.: Activation of Human Nerves by Hyperventilation and 
Hypocalcemia: Neurologic Mechanism of Symptoms of Irritation in Tetany, Arch. 
Neurol. & Psychiat., this issue, p. 152. 


14. Skoglund, C. R.: The Response to Linearly Increasing Currents in 
Mammalian Motor and Sensory Nerves, Acta physiol. Scandinav., 1942, supp. 
12, p. 6. 


15. Kugelberg, E., and Skoglund, C. R.: Natural and Artificial Activation of 
Motor Units: A Comparison, J. Neurophysiol. 9:399, 1946. 
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chanical regularity. Despite the recruiting of new units, the frequency is 
quite stable, not increasing to more than 14 per second. 


In 5 patients with parathyroprival tetany, the ulnar nerve was blocked 
with procaine at the elbow, and the arm was compressed just distal to 
this region. In two experiments the blocking was perfect; in the others, 
after maximal voluntary contraction, merely a few units were found to 
remain active. Nevertheless, the Trousseau spasm was quite as intense 
in the blocked arm as in the other. The spike pattern was also the same. 
(These experiments can scarcely be made in cases of tetany produced by 
hyperventilation, as the excitability can seldom be brought to such a high 
level that spasm is obtained on compression as far distally as below the 
elbow.) The afferent fibers are thus not necessary for the precipitation 
of the typical Trousseau spasm. Evidently, it is caused by direct irrita- 
tion of the motor fibers. 

Harvey and Lilienthal'® reported an unpublished observation with 
corresponding results. They elicited the spasm in the hand of a patient 
with hypocalcemic tetany, although the motor fibers had been blocked 
below the cuff. 


Comparison of Activation of Nerve Electrically and by Ischemia.— 
If a slowly rising current was applied to the ulnar nerve, the tactile 
paresthesia typical of tetany and ischemia first appeared. When the 
strength of the current had been about doubled, a tonic spasm began in 
the small muscles of the hand innervated by the ulnar nerve, and the 
hand assumed a posture similar to that in the Trousseau spasm and in 
the spontaneous spasm of tetany. The fibers transmitting light touch 
sensibility in the ulnar nerve thus have a lower threshold for iterative 
response to a constant or a slowly rising current than have the motor 
fibers in the nerve.1* Moreover, the longest motor fibers in this nerve 
have a lower threshold for iterative response than the short ones.'* A 
similar difference eixsts between the proximal and the distal part of one 
and the same nerve fiber.? If it is assumed that ischemia excites the 
nerve fibers according to their threshold for iterative response to a con- 
stant current, a simple explanation of the distribution of the discharge 
in the same nerve fiber and the typical order of activation of the various 
nerve fibers is obtained.'* If this theory is correct, the type of activity 
recorded electromyographically should be identical with ischemic and 
with electric stimulation. This is found actually to be the case. 

The ulnar nerve was electrically stimulated a few centimeters proxi- 
mal to the elbow during forced respiration (figure, 4). Immediately 
afterward it was compressed at the same place with a pneumatic cuff. 
The records taken after the two types of stimulation were quite com- 


16. Harvey, A. M., and Lilienthal, J. L.: Observation on the Nature of 
Tetany: The Effect of Adrenaline, Bull. Johns Hopkins Hosp. 71:163, 1942. 
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parable with respect to the identity of spikes, frequency of discharges 
and order of recruitment of the units with different sizes of spikes. 


In the case of electric stimulation (records 4aand b), the activity 
started with a double spike having an amplitude of 250 microvolts and 
a frequency of 11 to 12 per second. The next unit that came in when 
the strength of current was slowly raised had an amplitude of 400 micro- 
volts. The first potentials were irregular, and this unit could not be fol- 
lowed with certainty. The third unit recruited had an amplitude of 550 
microvolts and a frequency of 14 to 16 per second. The fourth unit 
had an amplitude of about 1.4 microvolts and a frequency of 16 to 18 
per second. 

Unfortunately, the activity in the case of ischemic stimulation started 
so abruptly that no time was afforded for photographing the first onset; 
hence, it cannot be ascertained which of the two units seen in record 4 ¢ 
started first. They had amplitudes of 250 and 400 microvolts, respectively, 
and a frequency of 11 to 12 per second; thus, they were of the same 
size and, as regards the smaller spike, the same frequency as those in 
record a. The spikes, in fact, are certainly identical with those in record a. 


The third unit had an amplitude of about 550 microvolts and a fre- 
quency of 12 to 15 per second; the fourth, an amplitude of 1.5 microvolts 
and a frequency of 16 to 25, thus likewise corresponding in size and 
frequency with—and doubtless being identical with—units 3 and 4 in 
records a and b. The correspondence is not always as clear as in this in- 
stance, especially in regard to the identity of the spike, the difficulty be- 
ing largely due to the difficulty of keeping a fixed position of the needle 
during the course of the experiment. 

If the ischemia is allowed to continue to act in cases in which the ac- 
tivity elicited is moderate, it may happen, in circumstances which are 
not quite clear, that the largest spike is the one that drops off last (record 


4e). It should also be noted that the large spikes show less tendency to 
doubling than the small ones. 


Comparison of Ischemic Excitation and Paralysis Due to Ischemia.— 
Ischemic paralysis in an arm is centripetal, starting at the periphery and 
spreading proximally. The paralysis begins in the proximal part of the 
ischemic nerve and spreads centrifugally, as strikingly shown by Lewis, 
Pickering and Rothschild.17 

Ischemic excitation has a similar distribution, a fact to which atten- 
tion has been drawn.'§ This question will be more closely analyzed later. 
Moreover, in hypocalcemia and alkalosis, in which the symptoms of irri- 


17. Lewis, T.; Pickering, G. W., and Rothschild, P.: Centripetal Paralysis 
Arising out of Arrested Bloodflow to the Limb, Including Notes of a Form of 
Tingling, Heart 16:1, 1931. 
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tation are intensified, sensory as well as motor paralysis is accelerated. 
In some clinical cases the paralysis supervened two or three times as 
rapidly as normal. 

The experimental subject was first examined with regard to the 
onset of paralysis of the small muscles of the hand (which were para- 
lyzed at approximately the same time), as well as of the extensor and 
flexor muscles of the fingers and wrist. The upper limit of the anesthesia 
was tested on the palmar side with a cotton wisp when one of these 
groups of muscles had been paralyzed. The time and place of the com- 
mencement of the tactile paresthesia were noted, as was the limit of its 
spread on the palmar side when spasm arose in the aforementioned 
groups of muscles. The time of commencement of the spasm was de- 
termined electromyographically, care being taken that the experimental 
subject, who as a rule was slightly dazed, had not contracted the muscles 
voluntarily. Three protocols are shown in the accompanying table. 

As shown in the table, the hand muscles and the extensors and flexors 
were paralyzed in the same order as that in which spasm was elicited in 
them. The anesthesia and the paresthesia, respectively, had proceeded 
to about the same distance when the various muscle groups were acti- 
vated. The way in which the paralysis had spread and the order of 
tactile and motor ischemic paralysis were thus similar to those in ischemic 
excitation. 

There were, however, certain deviations. In these experiments, the 
anesthesia always began at the finger tips and, as stated by Lewis and 
collaborators,!* slowly spread proximally. The paresthesia, however, might 
begin anywhere on the dorsal or the palmar surface of the hand, whence 
it spread rapidly over the whole hand. As regards the hand, the centri- 
petal type of spread was but slight. 

In ischemia paralysis, as shown by Kugelberg and Skoglund,!® the 
action potentials with a small amplitude, belonging to the low threshold 
nerve fibers, disappear first, and the larger ones, belonging to the high 
threshold nerve fibers, last, thus disappearing in the same order as that 
in which they are excited by the ischemia. Hence, if an exact compari- 
son is to be made of excitation and paralysis, the beginning excitation 
should be compared with the incipient paralysis, and not, as here, with 
the complete paralysis. This, for technical reasons, is more difficult. The 
paresthesia should be compared with the slightest possible numbness. The 
latter is, in fact, found to be less likely to spread centripetally in the hand 
than the anesthesia. The numbness, tested for changed sensibility to con- 
tact with large objects, rapidly involves the whole palm of the hand and 
the palmar surface of the fingers, without any distinct centripetal spread. 

The order in which the various muscles in the arm begin to be weak- 
ened is the same as that in which they are paralyzed. In short, ischemic 
excitation and paralysis are evidently closely related. 
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Postischemic Excitation.—If the pneumatic cuff is kept on for a suf- 
ficient length of time, a transient rise of excitability, most marked in the 
proximal part of the longest nerve fibers, develops in the nerve in the 
first phase of recovery after removal of the cuff.1* From this region, the 
nerve begins to set up impulses that give rise to paresthesia'® and to 
fascicular twitches,!* consisting electromyographically in groups of dis- 
charges of repetitive spikes. 

Normally, no tonic contraction of the type of the Trousseau spasm is 
elicited. But, if the experimental subject begins to hyperventilate after 
compression of the arm for about ten minutes, the typical paresthesia, as 
well as the spasm in the previously compressed arm, e.g., the von Bons- 
dorff phenomenon,”? will be produced. The spasm has its origin in 
the proximal part of the longest nerve fibers exposed to ischemia, and 
it spreads in exactly the same way as during ischemia.'®* Thus, during 
the period of increased excitability after ischemia the nerve fibers dis- 
charge in the same way on hyperventilation as during ischemia, and the 
electromyographic picture is the same, as appears in 5 (figure), which 
shows the typical “recruitment” of double spikes. 


COMMENT 


This work was confined to the study of ischemic excitation of the 
nerves supplying the distal part of the arm, especially to the tactile and 
motor fibers in the ulnar nerve. These restrictions should be borne in 
mind in judging the validity of the results. 

In all the 5 cases in which the spasm had been produced as far 
proximally as at the forearm, the extensor nerves had a lower threshold 
for ischemic excitation than the flexor nerves. Though, owing to the 
difficulty of increasing the excitability sufficiently during hyperventila- 
tion, the material was small, the results were uniform. In the literature, 
it is often mentioned that the hand becomes flexed at the wrist in con- 
nection with the Trousseau phenomenon. This can be explained either 
by individual differences or by the fact that when the spasm becomes 
intense in both flexor and extensor muscles, the former will predominate, 
as being the stronger. Thus, in such cases the position of the hand tells 
one nothing about the respective thresholds for ischemic activation. 

Ischemia activates in the arm the various tactile and motor nerve 
fibers in the same order as that in which they are paralyzed. The most 
interesting new fact emerging from this work, however, is that ischemia 
produces a discharge in the various A fibers in the ulnar nerve accord- 


19. Lewis, Pickering and Rothschild.17 Zotterman, Y.: Studies in the Periph- 
eral Mechanism of Pain, Acta med. Scandinav. 80:185, 1933. 


20. von Bondsdorff, B.: Nagra fall av tetani bland varnpliktiga, Finska 
lak-sallsk. handl. 72: 108, 1930. 
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ing to their threshold for iterative response to a slowly rising or constant 
current. The differentiation of motor units,*with various thresholds, is 
also the same in the two conditions, the smaller, low threshold, units 
being activated first and then, progressively, the larger ones. 

The threshold for iterative response in the nerve fibers examined 
runs parallel with the rheobase.!* If one accepts a direct relation between 
rheobase and anatomic fiber size, it is evident that ischemia activates 
the nerve according to fiber thickness. On broad lines, this view is cor- 
rect. But knowledge of the relative size of tactile and motor fibers, of 
long and short fibers and of flexor and extensor motor fibers, as well as 
of the variations along the course of the same nerve fiber, is as yet too 
meager to enable one to demonstrate this correspondence in detail. 

It is interesting to note that ischemic excitation and paralysis due to 
cerebral vascular disorders have a distribution which corresponds rather 
well with that caused by ischemia at the periphery. In a case of ordinary 
hemiplegia the hand suffers most; next, the extensors of the finger and 
wrist are involved; then the flexors, and, finally, the more proximal seg- 
ments. The paresthesia associated with migraine, for example, begins in, 
and is often confined to, the most distal part of the arm. These facts 
indicate that the relative differences which ischemic excitation and paral- 
ysis reveal between the short and the long fibers and between extensor 
and flexor fibers at the periphery are retained also in the central path- 
ways. 

As regards the Trousseau phenomenon, it should be pointed out that, 
though this sign has been rather overlooked, it is valuable in the diagnosis 
of tetany, though not pathognomonic, since it occurs in about 4 per cent 
of normal subjects.2! In following the results of therapy of tetany with 
vitamin D derivatives, I have also found it useful to give particular at- 
tention to the tactile paresthesia. Its disappearance signalizes that the 
value of the blood calcium is unduly high, and is thus a warning against 
overdosage. 


SUMMARY 


Symptoms of excitation induced with ischemia (compression with a 
pneumatic cuff) were studied on the human arm in cases of latent tetany 
caused by forced respiration and hypocalcemia. 

1. The Trousseau sign, or the spasm, is due to ischemic activation, 
first and foremost, of the proximal part of the longest motor nerve fibers. 
The electromyographic picture of the spasm is described. The double 
spikes elicited in this manner are found to be due to an iterative response 
in the same nerve fiber. The clinical importance of observing the tactile 


21. Kirstein, L., and Kugelberg, E.: Nerve Excitability and the Occurrence 
of Tetanic Symptoms During Pregnancy and Lactation, Acta med. Scandinav. 
124:348, 1946. 
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paresthesia in connection with the elicitation of the Trousseau phenome- 
non is stressed. 


2. In the ulnar nerve, ischemia activates the A nerve fibers accord- 


ing to their threshold for an iterative response to a slowly rising or con- 
stant current. The motor discharge elicited by ischemic activation is, in 
certain respects, identical with that evoked by a slowly rising current. The 
activity usually starts with a unit of small amplitude, followed by units 
of progressively larger spikes. The units recruited are often the same, and 
the frequencies of discharge are likewise similar. 


9 


3. The distribution and order of activation of different tactile and 
motor fibers in the arm in ischemia correspond well with these factors in 
ischemic paralysis. The longer tactile fibers, the longer motor fibers, the 
shorter tactile fibers, the extensor motor fibers and the flexor motor fibers 
are activated and paralyzed, in the order of enumeration. 

These facts are briefly discussed in relation to certain clinical symp- 
toms of irritation and paralysis due to cerebral circulatory disturbances 
indicating that the characteristics of the different fibers at the periphery 
are retained in the central pathways. 


ACTIVATION OF HUMAN NERVES BY HYPERVENTILATION 
AND HYPOCALCEMIA 


Neurologic Mechanism of Symptoms of Irritation in Tetany 


ERIC KUGELBERG, M.D. 
STOCKHOLM, SWEDEN 


HE SYMPTOMS of irritation in an attack of tetany in adult man 
consist of tingling, which begins in the face and hands, and, some- 
what later, a feeling of tension and spasm in the face and the small 
muscles of the hand. If the attack is aggravated, the tingling and spasm 
spread from the hand proximally along the arm. Immediately afterward 
the same symptoms begin to manifest themselves peripherally in the legs, 
spreading proximally and finally reaching the trunk. In addition, fascic- 
ular twitches in muscles, bordering on spasm, irregularly occur. It was 
previously shown! that these symptoms of irritation studied in the arm 
were caused by spontaneous discharges first and foremost in the proxi- 
mal part of the longest nerve fibers. The activity starts in the tactile 
fibers, from which the typical sensation of tingling originates, and, some- 
what later, is set up in other afferent fibers, producing a feeling of ten- 
sion. At about the same time it reaches the motor fibers, giving rise to 
fasciculation. The question whether the spasm is caused by direct excita- 
tion of motor fibers or reflexly, by the afferent discharge, was left open." 
In the present work, the mechanism of excitation of nerve during hy- 
perventilation and hypocalcemic tetany is analyzed electromyographically 
and compared with direct electrical excitation and ischemic activation . 
of the same nerve. It is further shown that the motor discharge in tetany 
is caused by direct excitation of the motor nerve fibers. 


MATERIAL AND TECHNIC 


This investigation deals mainly with experimental tetany elicited by forced 
respiration for five to fifteen minutes in 14 subjects, most of whom were examined 


This study was aided by a grant from Stiftelsen Thérése och Johan An- 
derssons Minne. 

From the Neurological Clinic and the Nobel Institute for Neurophysiology, 
Karolinska Institutet. 
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from two to four times. A patient with parathyroprival tetany, with blood calcium 
values about 6 mg. per hundred cubic centimeters, was also studied. 


Electromyographic registration was carried out with concentric needle elec- 
trodes connected to one or two condenser-coupled amplifiers operating on a 
cathode ray tube. The ulnar nerve was stimulated with slowly rising currents, 
mainly by monopolar excitation. The cathode was then placed over the “nerve 
point” at the wrist, a few centimeters proximal to the elbow or at the axilla. 
Unless otherwise indicated, the action potentials were recorded from the first 
dorsal interosseous muscle. Further technical details have been given by Kugel- 
berg and Skoglund.2 


The ischemia was produced by a pneumatic cuff distended well over the 
area of determination of the systolic pressure. In some experiments the ulnar 
nerve was blocked directly at the elbow with 5 cc. of a 2 per cent solution of 


procaine hydrochloride containing epinephrine hydrochloride in a strength of 
1:50,000. 


RESULTS 


General Characteristics of Motor Discharge—The activity evoked by 
hyperventilation nearly always started with spikes of a regular rhythm, 
continuous from the outset, or in long runs, interrupted by shorter or 
longer intervals of inactivity. At the start the frequency was usually be- 
tween 5 and 15 per second, oftenest about 10 to 12 per second; occa- 
sionally, however, slow, regular frequencies, down to 3 or 4 per second, 
were observed (figure, record / b). 

Sometimes the activity consisted of single spikes (record ]a), more 
rarely of triple spikes (record ]b), but most commonly of double spikes, 
separated by an interval of five to fifteen milliseconds (most records). 
The first spike usually had a small amplitude. With increasing intensity 
of the tonic contraction in the muscle, new units, usually with a pro- 
gressively larger amplitude, were “recruited” (figure, 2 and 6). 

In record 2a, the activity starts with a double spike, having an am- 

plitude of 80 microvolts and a frequency of 10 per second. The next 
unit to come in is a double spike, with an amplitude of 450 microvolts 
and the same frequency. The mechanism that caused the duplication 
shows a tendency to fatigue, for after some tens of seconds the action 
potential often becomes single, without any change of rhythm (record 
2b). The next unit brought into operation had an amplitude of 600 
microvolts and a frequency of 9 per second and was a single spike 
record 2c). With increasing intensity of contraction, another small, 
distinct spike might arrive, and the base line then became more irregu- 
lar, owing to the picking up of activity from distant units. At the same 
time, the frequency increased somewhat, and in record 2d, in the units 
“recruited” as 2 and 3, it was 14 per second. 


2. Kugelberg, E., and Skoglund, C. R.: Natural and Artificial Activation of 
Motor Units: A Comparison, J. Neurophysiol. 9:399, 1946. 
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At this point the experimental subject lost consciousness; hence the 
hyperventilation could not be carried further. The same general condi- 
tions are shown in 6, during the recording of which the activity could 
be intensified. 

As in voluntary contraction,” in stimulation with a slowly rising cur- 
rent? and in ischemic excitation,’ the different units in tetany are ac- 
tivated according to the size of their spikes. The small motor units thus 
have a lower threshold for excitation by hypocalcemia or hyperventila- 
tion than the larger ones. The differentiation of units with different 
thresholds is distinct and striking during hyperventilation because the 
excitation sets in so slowly. 


Double Spikes—The double spikes observed during tetany in man 
were first described by Turpin, Lefebvre and Lerique,® who asserted 
that they were produced by repetitive response in the end plate. These 
spikes are identical in appearance with those elicited by activation of 
the motor nerve by ischemia,‘ in which they are caused by an iterative 
response to excitation in one and the same nerve fiber. The same is 
true during hyperventilation. 

If the arm of the experimental subject was compressed at the elbow 
before forced respiration began, the peripheral structures were excluded 
from the effect of the changes in the blood due to the hyperventilation. 
Double spikes, nevertheless, appeared in connection with the spasm (rec- 
ord 3a). If the subject made a slight voluntary contraction and the rec- 
ord was made from the muscle after the cessation of the spontaneous 
activity, but while the pneumatic cuff was still on, double spikes were 
likewise obtained (record 3b). The result was the same when the nerve 
was stimulated with a slowly rising current proximal to the .cuff (record 
3c). Nor was the central nervous system necessary for production of the 
double spikes, as they were elicited even if the nerve had been blocked 
with procaine proximal to the place of excitation (record 3d). The 
hyperventilation or hypocalcemia evidently changes the authorhythmic 
properties of the nerve fibers in such a way that duplication is produced 
on excitation. 

It is interesting to note that the electromyographic picture of the 
voluntary contraction was likewise changed in the same direction, to 
double spikes and the machine-like regularity of the rhythm which was 


3. Kugelberg and Skoglund.2 Skoglund, C. R.: The Response to Linearly 
Increasing Currents in Mammalian Motor and Sensory Nerves, Acta physiol. 
Scandinav. (supp. 12) 4:6, 1942. 

4. Kugelberg, E.: Activation of Human Nerves by Ischemia: Trousseau’s 
Phenomenon in Tetany, Arch. Neurol. & Psychiat, this issue, p. 140. 

5. Turpin, R.; Lefebvre, J., and Lerique, J.: Modifications de l’électromyo- 
gramme élémentaire et troubles de la transmission neuromusculaire dans tétanie, 


Compt. rend. Acad. d. sc. 216:579, 1943. 
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characteristic of the response of the nerve fiber activated during tetany 
(record 3b and records 4a and b). The change thus produced in the 
nerve seems also to determine the voluntary response in the motor neuron. 
It is true that the double spikes have been described by Gilson and Mills” 
under normal conditions, but they occurred then much more rarely, and 
less constantly, than in latent tetany. 

As shown by records 2 and 6, the spikes in the spontaneous spasm of 
tetany were not double throughout. First, the mechanism of duplica- 
tion showed a tendency to fatigue, and, second, the doubling was much 
less prominent in spikes with a large amplitude, as was true in ischemic 
excitation. Thus, the nerve fibers with a high threshold have less ten- 
dency to this kind of rhythmicity. 

Furthermore, the duplication of spikes is suppressed when the fre- 
quency increases. This is strikingly evident in voluntary contraction (rec- 
ords 4a, b and c). The parathyroprival patient made a light voluntary 
contraction, with slowly increasing strength. A large, easily distinguish- 
able unit was selected for observation. Single at the start, it was almost 
immediately doubled, with a frequency of 8 to 9 per second (record 4a). 
Slowly the contraction increased in strength, as indicated by the livelier 
background activity. When the frequency then suddenly rose to 13 or 
14 per second, the duplication ceased, but returned when the intensity 
of the contraction diminished and the frequency was reduced (records 
4b and c). Similar general conditions are shown in record 4d, taken 
from another subject who made a slight voluntary movement ten minutes 
after hyperventilation. 

In this way, the double spikes behave like those described by Hoff and 
Grant,’ elicited in a crossed extensor reflex (cat) at low temperatures 
and in conditions of acidity or veratrine poisoning. The same applies to 
the long trains of iterative impulses evoked in human nerves during the 
recovery from prolonged ischemia, when the rheobase and the accom- 
modation in the nerve fibers are very low.8 Evidently, the double spikes 


6. Gilson, A. S., and Mills, W. B.: Activities of Single Motor Units in Man 


1: (a) Single spikes, and (b) triple spikes, at the start of discharge in a 
case of hyperventilation. In this, and in the accompanying records, tracings were 
taken from the first interosseous muscle; calibration, 100 microvolts; time, 1/100 
second. 

2: (a, b, c and d) Spontaneous tetany spasm, (e, f and g) electrical stimu- 
lation and (h, t. j and k) discharge on compression by pneumatic cuff in a case 
of hyperventilation. A full description is given in the text. 

3: (a, b, and c) Double spikes, present though the circulation to the pe- 
ripheral part of the arm had been shut off by compression before hyperventilation 
began. (a) spontaneous tetany; (b) voluntary contraction, in another case; (c) 
electrical stimulation; (d) parathyroprival tetany. The ulnar nerve was blocked 
at the wrist. Electrical stimulation was made at the wrist. A full description ap- 
pears in the text. . 

4: (a,b and c) Voluntary contraction, with cessation of double spikes as the 
frequency rises in a case of parathryoprival tetany; (d) a similar record in a case 
of hyperventilation. 


During Slight Voluntary Efforts, Am. J. Physiol. 133:658, 1941. 
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are abortive forms of such grouped discharges, which also show a rhyth- 
mic cycle in about 7 milliseconds. Earlier work on grouped discharges 
was done by Adrian,® Erlanger and Blair! and Fessard.*4 

The occurrence of double spikes can be correlated with the accom- 
modation in the nerve. If the ulnar nerve is stimulated alternately at 
the axilla, where the changes in excitability are most marked, and at the 
wrist, where the changes are much less pronounced,' differences are 
brought out in the electromyogram. 

In a hyperventilation experiment (figure, 5), the rheobase at the 
axilla before forced respiration was 3.1 milliamperes, and the threshold 
for prolonged iterative response was about 2.5 times that value. Distally, 
at the wrist, the corresponding figures were 2.25 milliamperes and three 
times the rheobase. After five minutes’ forced respiration, the rheobase 
fell proximally to 1.0 milliampere, with a tetanic response at the very 
threshold; thus, the accommodation was nil. Distally, the values were 
then 1.5 milliamperes and twice the rheobase. Excitation proximally now 
produced the typical double spikes (record 5a), whereas distally (record 
5b) the units were single ones. In size and form, the units were very 
similar in the two cases, the one unit being directed upward, the other 
downward. Presumably, therefore, the same nerve fibers were tested 
proximally and distally. 

Records 5c and d show the same conditions in a case of parathyro- 
prival tetany: double spikes on excitation proximally (c) but not on ex- 
citation distally (d). 

Comparison of Electrical Stimulation and Activation of Nerve by 
Hyperventilation.—In the ulnar nerve, tetany first activates the fibers 
mediating light touch, which have a lower threshold than the motor 
fibers for an iterative response to a constant or slowly rising current.!* 
Moreover, it activates the longest motor fibers of the small muscles of the 


7. Hoff, H. E., and Grant, R. S.: The Supernormal Period in the Recovery 
Cycle of Motoneurons, J. Neurophysiol. 7:305, 1944. 

8. Kugelberg, E.: “Injury Activity” and “Trigger Zones” in Human Nerves, 
Brain 69:310, 1946. 

9. Adrian, E. D.: The Effects of Injury on Mammalian Nerve Fibers, 
Proc. Roy. Soc., London. s.B 106:596, 1930. 

10. Erlanger, J., and Blair, E. A.: Observations on Repetitive Responses in 
Axons, Am. J. Physiol. 114:328, 1936. 

il. Fessard, A.: Propriétés rythmiques de la matiére vivante: II. Nerfs 
isolés, Paris, Librarie scientifique Hermann & Cie, 1936. 


5: (a) Electrical stimulation at the axilla, and (b) stimulation at the wrist, 
in a case of hyperventilation; (c) stimulation at the elbow, and (d) stimulation 
at the wrist, in a case of parathyroprival tentany. A full description appears in 
the text. 

6: (a, b, c and d) Spontaneous spasm of tetany, and (e, f, g and h) elec- 


trical stimulation, in a case of hyperventilation. A full description appears in the 
text. 
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hand before the shorter ones to the flexor carpi ulnaris, which have a 
higher threshold for iterative response than those to the hand.'* Further- 
more, tetany affects the proximal part, where the threshold for iterative 
response is lower,!* rather than the distal portion; hence, it is reasonable 
to assume that the nerve fibers are discharged according to their electrical 
thresholds, as was found to be true in ischemic excitation. It should be 
noted further that the tactile paresthesia produced by electrical stimula- 
tion is exactly like that in tetany.'* The appearance of the tonic spasm 
in the muscles of the hand during tetany can be as faithfully reproduced 
by stimulation with a constant current. This is shown also in the electro- 
myographic picture of the spasm (records 2 and 6). 

The experimental subject was first instructed to hyperventilate until 
spasm was elicited and could be recorded (records 2 and 6, a, b, c and d). 
The spasm was then allowed to subside. Five minutes later the ulnar 
nerve at the axilla was stimulated with a slowly rising current (records 
2e, f and g and 6e, f, g and h). Comparison of the records shows that 
the spikes are substantially identical and that the frequency and the type 
of “recruitment” are also similar. The cathodal polarization of the nerve 
thus reactivates in identically the same way the discharge produced by 
hyperventilation. 

If the electromyographic picture of electrical stimulation before hy- 
perventilation is composed with that of the spontaneous spasm, it will 
be seen that they are, broadly speaking, alike. Whether the units mobi- 
lized in the two conditions are identical is difficult to determine, as the 
needle changes its position during the course of the test. Aside from the 
double spikes and the machine-like regularity of the rhythm, the patterns 
of the impulses correspond fairly well, showing the same type of “recruit- 
ment.” 


Comparison of Activation of Nerves in Tetany and Activation and 
Paralysis Produced by Ischemia.—It has previously been pointed out that 
the symptoms of irritation caused by ischemia in latent tetany exactly re- 
produce those in the spontaneous attack of tetany.1® The order in which 
the symptoms of ischemic paralysis spread will now be compared with the 
corresponding phenomena of irritation associated with hyperventilation. 

The accompanying table, data of which are from a case of hyper- 
ventilation, shows the sequence in which the paresthesia and the spasm 
in the small muscles of the hand and the extensors and flexors of the 
forearm spread upward in the spontaneous attack of tetany and in 
ischemic excitation. The table also shows the spread of the anesthesia 
and motor paralysis associated with prolonged ischemia. The ischemic 
paralysis was first tested on the one arm. The experimental subject was 


12. Kugelberg, E., and Skoglund, C. R.: Responses of Single Human Motor 
Units to Electrical Stimulation, J. Neurophysiol. 9:391, 1946. 
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then instructed to hyperventilate. The manifestations of the symptoms 
of irritation on the other arm were then recorded. When the symptoms 
of irritation had subsided, on the termination of forced respiration, a 
pneumatic cuff was distended as high as possible on the same arm, and 
records of the new symptoms were taken. 


As shown in the table, there is good correspondence between the way 
in which the symptoms spread and the sequence of tactile and motor 
excitation in tetany, as well as between the tactile and the motor paraly- 
sis in ischemia. The electromyographic picture of motor activation in 
tetany is also faithfully reproduced in the corresponding picture for 
ischemic excitation (figure, 2), records a, b, c and d showing activation 
by tetany and records h, i, j and k activation by ischemia. The frequency 
of spikes and type of “recruitment” are the same, and the spikes first 
appearing seem identical in the two cases. 


Activation of Nerves in Hyperventilation (Tetany) and in Excitation and 
Paralysis Caused by Ischemia 


Hymrventilation Ischemia 

Excitation Excitation Paralysis 
Small hand muscles 4 min. 20 sec. 16 min. 
Upper limit of dis- 
turbances in tactile About wrist About wrist About wrist 
sensation | 
fingers 5 min. 30 sec. 18-19 min. 
Upper limit of dis- 
turbances in tactile 4 cm. above 10 cm. above | 4cm. above wrist 
sensation wrist wrist 
Flexors of fingers 0.9 
and wrist 20-21 min. 
Upper limit of dis- 
sensation 


Place of Origin of Motor Activity Induced in Tetany.—The experi- 
ments previously reported! show that the symptoms of irritation observed 
in tetany in the human arm are due to spontaneous discharges first and 
foremost in the proximal part of the nerves in the arm. As both afferent 
and efferent fibers discharge, the question whether the spasm was a 
reflex or was precipitated by direct excitation of motor fibers!” was left 
open. Now, since identically the same symptoms of irritation are pro- 
duced by ischemia and since, as has been shown here, the spasm is due 
to direct excitation of motor fibers,‘ it is clear that direct excitation also 
is the mechanism of the spontaneous spasm of tetany. 

More direct evidence in favor of this view might be obtained by 
blocking the brachial plexus with procaine and then inducing hyperventi- 
lation. As it is difficult, however, to obtain an effective block even if the 
procaine is injected into the nerve, it was considered advisable to refrain 
from an experiment involving such risks. In a case of inveterate hypo- 
calcemic tetany bordering on spasm, with spontaneous double spikes in 
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the first and fourth interosseous muscles, the ulnar nerve was blocked at 
the elbow. Despite the apparently perfect blocking, the impulses con- 
tinued in the fourth interosseous muscle. They came with a regular 
frequency of 7 to 8 per second. It may be presumed that they had been 
generated peripheral to the block. 

COMMENT 

In this study, the investigation was confined to the arm, and chiefly 
to its distal part, especially the ulnar nerve and the muscles innervated 
by it. This restriction is due to the difficulty of carrying the symptoms of 
irritation associated with hyperventilation farther proximally on the arm 
or down to the legs. The investigation deals only with tactile and motor 
fibers. It is likely that afferent fibers other than those for touch sensa- 
tion may be excited and may be responsible for the feeling of tension in 
the affected parts of the body. This sensation, however, is vague and is 
not suited to quantitative analysis. 

The basis of this investigation consisted mainly in cases of acute tetany 
produced by forced respiration—an advantageous factor. In cases of 
chronic hypocalcemia, as is well known clinically, the patient becomes 
inured to the condition, so that after a time he can stand far lower 
values for the blood calcium without phenomena of irritation than if the 
change had set in suddenly. The habituation seems to take place in dif- 
ferent ways for different kinds of fibers. Thus, in a chronic case, I have, 
for example, seen fascicular twitches and slight spasm without paresthesia. 
It is evident, therefore, that in chronic cases the spread of the various 
symptoms of irritation and the order in which the different types of fibers 
are activated cannot be regarded as tests of the reaction of the normal 
nerve to the stimulus of a value equal to that in acute cases. This may 
account for the atypical distribution of the spasms which is sometimes re- 
ported. A difference in circulation of the blood and in temperature in 
different parts of the body may have similar consequences, thus account- 
ing for the rare cases of hemitetany that have been described, chiefly 
after extensive lesions in the central nervous system, such as those in 
hemiplegia (Spiegel'*). 

Experiments on animals and in vitro show that in cases of low cal- 
cium concentration or hyperventilation, various nerve structures, such as 
the motor end plates (Kuffler'*), the nerves (Lehmann™ and others) 
and the ganglion cells (Bronk and associates'®) , discharge spontaneously. 


13. Spiegel, E.: Hemitetanie bei Grosshirnlasionen, Deutsche. Ztschr. f. 
Nervenh. 65:310, 1920. 

14. Kuffler, S. W.: The Effect of Calcium on the Neuro-Muscular Junction, 
J. Neurophysiol. 7:17, 1944. 

15. Lehmann, J. E.: The Effect of Changes in the Potassium-Calcium Bal- 
ance on the Action of Mammalian A Nerve Fibers, Am. J. Physiol. 118:613, 1937. 

16. Bronk, D. W.; Larrabee, M. G.; Gaylor, J. B., and Brink, F.: The In- 
fluence of Altered Chemical Environment on the Activity of Ganglionic Cells, Am. 
J. Physiol. 123:24, 1938. 
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Inasmuch as extremely low values are exceptional in man, the chief prob- 
lem is to ascertain what structures have the lowest threshold for activa- 
tion. My previous experiments show that in man there are particular 
nerves and nerve fibers in which spontaneous discharges are primarily 
responsible for symptoms of irritation during attacks of tetany elicited by 
forced respiration. 


It may be questioned whether the mechanism for the symptoms of 
excitation in tetany produced by hyperventilation is exactly the same as 
that in hypocalcemia. In hyperventilation compensatory changes in the 
circulation, as described, for example, by Gibbs, Maxwell and Gibbs,** 
may modify the locus for the first manifestation of spontaneous activity. 


However, the symptoms of irritation are exactly the same in the two 
kinds of tetany. Moreover, in 1 case it was shown that the typical 
double spike discharge occurred in the nerve in connection with hypo- 
calcemia; hence, it may be inferred that the peripheral nerves also play 
a large part in the generation of the symptoms of irritation. It is evident, 
however, that if the ionized calcium content falls sufficiently the nerve 
fibers and ganglion cells at the center will also begin to discharge. 


The principal result of this study is the observation that hyperventila- 
tion causes the different nerve fibers to discharge according to their 
thresholds for an iterative response to a constant or a slowly rising cur- 
rent, and that the spread of ischemic excitation and paralysis is the same 
as that for tetanic activation. The anatomic basis for this observation may 
be the size of the fiber.1” It may also be asked whether the common fac- 
tor is not simply the state of calcium in the nerve fiber. 


If these conditions are generally valid, it should be possible, by ob- 
serving the spread of the symptoms in tetany, to obtain a rough, but 
simple, test of the iterativity of the peripheral nerves in man. The ten- 
dency to repetition is so organized that the nerves to the face and those 
to the hands are the first to discharge spontaneously; in the arm, the 
longest fibers, and then the shorter ones, discharge, the motor fibers to 
extensor muscles being more inclined to repetition than those to the flex- 
ors. The hands and the face are the parts best represented in the cerebral 
cortex, and their nerve supply is phylogenetically best developed, another 
aspect of their unique position. 

Moreover, there are many indications that the relative differences 
between long and short fibers, between fibers to flexor and fibers to ex- 
tensor muscles, and between fibers to the hands and to the face on the 
one side, and to other parts of the body on the other, which ischemia 
and tetany have shown to exist in the peripheral nerves, are found also 
in the central paths right up to the cortex, and there play an important 
part under pathologic conditions. The great majority of the cerebral 


17. Gibbs, F. A.; Maxwell, H., and Gibbs, E. L.: Volume Flow of Blood 
Through the Human Brain, Arch. Neurol. & Psychiat. 57:137 (Feb.) 1947. 
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symptoms of irritation, such as paresthesia accompanying migraine and 
other vascular disturbances and sensory and motor jacksonian seizures, 
have a predilection for the hands and the face. It must be left to further 
investigations to shed fuller light on this subject. 


SUMMARY 
The symptoms of irritation associated with tetany, chiefly elicited by 
forced respiration, have been studied in the human arm and hand. The 
electromyogram of the spasm is described. 
The following conclusions are drawn: 


1. The spasm is caused by spontaneous discharges arising first and 
foremost in the proximal part of the longest motor nerve fibers. The 
double spikes previously observed are due to an iterative response in nerve 
fibers of low accommodation. They are commonest in units of small 
amplitude and become single spikes with a rise in frequency. 


2. Hyperventilation or hypocalcemia produces discharges in the A 
fibers of the ulnar nerve according to their threshold for an iterative 
response to a slowly rising or constant current. 


3. Stimulation of a nerve in latent tetany with a slowly rising current 
reactivates, in certain respects, the spontaneous motor discharge of tetany. 
In both electrical and tetany activation the activity starts with a unit 
of small amplitude and is followed by units of progressively larger spikes. 
In most experiments, the units “recruited” are the same. There is little 
or no difference in the frequency of discharge. 


4. The changed autorhythmic properties of the motor nerve fibers 
in tetany are also impressed on the pattern of impulses evoked by volun- 
tary contraction. 


5. The order of activation of the various nerve fibers in the arm 
in tetany is similar to that in ischemic activation and paralysis. The ef- 
fect of ischemia on the motor nerve is exactly the same as that of hyper- 
ventilation or hypocalcemia with respect to the order of activation of 
spikes of various sizes and the frequency of discharge. 

In tetany activation and in ischemic activation and paralysis, the 
common factor involved in the iterative response to a constant current 
is briefly discussed. It is suggested that the relative differences between 
nerve fibers in the periphery revealed by ischemia and tetany may be 
maintained right up to the cortex. 

Note.—The fundamental work of Lorente de N6'§ has appeared 
since these papers were sent in for publication, on March 3, 1947, and 
cannot be discussed here, though it evidently affords explanations of 
observations made. 


18. Lorente de Né, R.: A Study in Nerve Physiology, Studies from the 
Rockefeller Institute of Medical Research, New York, 1947, vols. 1 and 2. 
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ESPITE the obvious importance of cerebral vascular lesions in the 
practice of clinical neurology, few systematic electroencephalographi 


studies have been made on this subject. Several authors have presented 


single case reports with electroencephalographic correlations.1 Some have 
even communicated short series of cases of both chronic subdural hema- 
toma? and relatively acute subarachnoid hemorrhage.* 

This presentation is the result of the compilation of data obtained 
from 130 patients showing disturbances of clinical and electrical function 
of the brain resulting from lesions of the cerebral vessels. Eighteen pa- 
tients showed clinical evidence of subarachnoid hemorrhage. Eight pa- 
tients had proved chronic subdural hematomas; 6 of these had preopera- 
tive recordings. The other 104 patients of this series showed clinical signs 


Presented at the First Annual meeting of the American Electroencephalo- 
graphic Society. 

From the United States Naval Hospital, National Naval Medical Center, 
Bethesda, Md., and St. Elizabeths Hospital, Washington, D. C. 


1. Savitsky, N.; Pacella, B. L., and Stem, F. D.: A Case of Subarachnoid 
Hemorrhage, Arch. Neurol. & Psychiat. 53: 232-234 (March) 1945. Walter, W. G.: 
Traumatic Extradural Hemorrhage, Bristol Med.-Chir. J. 57:86-90, 1940. Berger, 
H.: Ueber das Elektrenkephalogramm des Menschen: III., Ztschr. f. ges. Neurol. 
u. Psychiat. 94: 16-60, 1931. 

2. (a) Sjaardema, H., and Glaser, M. A.: Diagnosis of Subdural Hemor- 
rhage, Ann. Surg. 116:452-460, 1942. (b) Jasper, H. H.; Kershman, J., and 
Elvidge, A.: Electroencephalographic Studies of Injury to the Brain, Arch. Neurol. 
& Psychiat. 44:328-335 (Aug.) 1940. (c) Williams, D., and Gibbs, F. A.: 
Electroencephalography in Clinical Neurology: Its Value in Routine Diagnosis, 


ibid. 41:519-534 (March) 1939. 


3. Woodhall, B., and Lowenbach, H.: Congenital Aneurysms Lateralized 
by Electroencephalography, South. M. J. 36:580-587, 1943. 
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of thrombosis, embolism or hemorrhage involving the cerebral vessels, 
with subsequent parenchymatous damage. Of these 104 patients, 12 died, 
and the brains of 11 of these patients were subjected to a detailed gross 
and microscopic examination. 

Each patient in this series was the recipient of from one to several 
electroencephalographic examinations. All recordings were made with a 
Grass six channel electroencephalograph. 


SUBARCHNOID HEMORRHAGE 


Of the group with this lesion, the following clinical history is repre- 
sentative. 

On April 29, 1947, a man aged 27 was sitting on a bench, when suddenly 
his head fell backward. He experienced an immediate severe headache, and he 


Fig. 1.—Minimal generalized abnormal electroencephalogram in a case of 
subarachnoid hemorrhage. The patient had a massive intracranial hemorrhage, 
resulting in death on the day following examination. 


thought that he “passed out.” On examination no definite motor or sensory defects 
were elicited. The neck showed some resistance to passive flexion. A lumbar 
puncture revealed bloody spinal fluid, under a pressure of 104 mm. of water. 
On the day following his admission to the hospital at Bethesda, on May 6, no 
neurologic signs significant of a focal lesion of the brain were evident. On the 
next day right hemiplegia developed, followed by generalized spasticity and death. 
At autopsy, the immediate cause of death was given as massive recent intra- 
ventricular hemorrhage. Patchy, old subarachnoid hemorrhage was also observed. 
Microscopically, these areas showed fibroblastic activity and deposition of hemo- 
siderin, both free and in the process of ingestion by macrophages. 


Fifteen of the 18 patients showing this general semeiotic pattern of 
subarachnoid hemorrhage had only minimal generalized abnormal elec- 
troencephalograms (fig. 1). These tracings contained isolated slow waves 
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of about 150 to 160 milliseconds’ duration. The amplitude modulation 
was usually irregular. No definite asymmetry of amplitude was demon- 
strable. 


Three patients with subarachnoid hemorrhages showed areas of-focal de- 
creased electric activity. One of these was a man aged 22, who was admitted to 
the United States Naval Hospital, Bethesda, on May 23, 1947. On the evening 
prior to hospitalization the patient felt entirely well. About midnight, after strong 
exertion, he complained of a severe pain over the left side of his head. He was 
able to walk to the bathroom and there vomited three times within a half-hour. 
He then began to complain of a stiff neck. After this episode he slept intermit- 
tently. On the following morning the neck was still stiff, and he continued to 
complain of severe headache; at times it was difficult to arouse him. Examina- 
tion revealed anisocoria (the left pupil being larger than the right) and minimal 
bilateral papilledema, the left disk being the more swollen. Kernig and Brudzinski 
signs were elicited. The spinal fluid was “bloody.” 


( ,SECOND 5-29-47 I 


Fig. 2.—Generalized abnormal electroencephalographic pattern (moderate) 
with a relative decrease in electric activity over the right parieto-occipital deriva- 
tions. The subarachnoid hemorrhage occurred on May 24, 1947. 


On May 29 the patient showed no notable change in his general condition. 
Except for a bilateral decrease in the deep reflexes, the earlier signs persisted. 
The spinal fluid at this time was xanthochromic and under a pressure of 250 mm. 
of water. 

The electroencephalogram (fig. 2) showed a fundamental rhythm of approxi- 
mately 8 cycles per second. The alpha frequency output over the right parieto- 
occipital region was relatively decreased in amplitude. Throughout, the amplitude 
modulation was not well developed. In the head-ear leads isolated, but general- 
ized, waves of 150 to 170 milliseconds’ duration were observed. 


SUBDURAL HEMATOMA 


Of the 6 patients for whom individual preoperative records were 
taken, 5 had impressive sequences of slow wave activity. One patient 
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showed an essentially normal pattern despite the presence of a massive 
collection of blood. Two cases will illustrate the majority of the observa- 
tions made. 

The first case is that of a white man aged 48, who was admitted to the 
hospital on March 1, 1946, complaining of severe headache. The history revealed 
that he had fallen and injured his head on Dec. 25, 1945. In February, a striking 
change in his personality, characterized by depression arid lethargy, was recognized. 
The deep reflexes were equal on the two sides. No focal neurologic signs were 
noted. The electroencephalogram (fig. 3) showed a predominance of 2 to 3 per 
second waves over the entire left side of the brain, together with much synchronous 
slow activity over each frontal region. 

After the electroencephalographic test, a ventriculogram was obtained, reveal- 
ing a space-occupying mass in the left frontal region. The mass proved to be a 
well encapsulated subdural hematoma over the left frontotemporal region. On 
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Fig. 3.—Subdural hematoma (over two months after trauma). High voltage, 
slow activity dominates the output from the left side of the brain. After operation 
almost no slow activity was observed. 


evacuation of the mass of blood, the patient made an uneventful recovery. An 
electroencephalogram taken sixteen days after operation showed almost no abnor- 
mal electric activity except for occasional isolated waves of 140 milliseconds’ dura- 
tion (not shown in the chart) over the left frontal region. 


The second case is that of a white man aged 46, who was admitted to the 
United States Naval Hospital on Dec. 23, 1946, cormplaining of frontal head- 
aches. The history revealed that the patient had been struck by a street car on 
December 22. He was not unconscious after the accident, but noted a copious 
rhinorrhea. 

On examination, he was confused but showed no localizing neurologic signs 
or papilledema. On Jan. 3, 1947 he became alternately restless and drowsy; at 
this time it was noted that he had low grade papilledema. Difficulty in volitional 
manipulation of the right hand was observed. The reflexes on the right side were 


4 
\ 


COHN ET AL.—CEREBRAL VASCULAR LESIONS 169 


hyperactive. A questionable Babinski sign was obtained on the right side. The right 
pupil was larger than the left. There was questionable loss of sensation on the 
right side of the body. 

The electroencephalogram (fig. 4) on this day showed high voltage sequences 
of approximately 6 to 7 per second waves over the right parieto-occipital region. 
Che left occipital area gave rise to a discharge of definitely lower voltage, with 
random activity but somewhat lower frequency. 

On January 4, parietal openings were made bilaterally. The operator, Licut. 
(jg) Edgar N. Weaver (MC), U.S.N.R., made the following note: 

“When the dura over the left side was opened, there was a gush of dark, 
tawny blood. About 50 cc. was removed spontaneously and by washing the sub- 
dural space with isotonic solution of sodium chloride. After the procedure, the 
brain pulsated normally. Nothing abnormal was found over the right side of the 
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Fig. 4.—Subdural hemorrhage (within ten days after trauma). The first 
examination showed high voltage, 6 to 7 per second waves over the right occipital 
region and lower voltage, slow activity over the left side of the occiput. One day 
later the slow activity from the left occipital area become more prominent. The 
higher voltage, slow activity over the right side of the brain persisted. Nineteen 
days after operation little slow activity was recognized. 


brain. After completion of the operation, the patient became moderately alert and 
quiet.” 

On January 23, nineteen days after operation, no slow wave activity was 
observed in any lead. A random, high frequency pattern dominated the record. 


CEREBRAL VASCULAR THROMBOSIS, EMBOLISM AND HEMORRHAGE 
Emphasis here will be placed on cases of proved lesions, as determined 
at autopsy.* 


4. All autopsies were performed by members of the department of pathology, 
United States Naval Hospital, Bethesda, Md., under the direction of Lieut. Comdr. 
Samuel P. Hicks (MC), U.S.N.R., and Lieut. (jg) John R. Carter (MC), U.S.N. 
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Case 1.—A man aged 55, born in the Philippine Islands, had been known 
to have arterial hypertension for a number of years. On Aug. 26, 1946, he com- 
plained of inability to recall the correct word to express himself. Because of 
language barriers, it was difficult to evaluate his word expression disability. He 
read appropriately and wrote in an unschooled, but fairly clear, script. Neuro- 
logically, no gross focal or general changes were observed. In January 1947 the 
patient had bilateral section of the paravertebral sympathetic chain for relief of 
the chronic arterial hypertension. He appeared generally weak at that time but, 
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Fig. 5.—Aug. 26, 1946: The tracing was within the range of normal variation. 


Jan. 15, 1947: The occipital alpha activity was of higher voltage than that 
in the earlier test. The decreased amplitude modulation of the alpha frequency 
rhythm gave the appearance of a “driven oscillation.” 


March 1, 1947: Marked slow activity was prominent in the left parietal 
region. 

At autopsy the entire left quadrilateral space of Marie was obliterated by 
hemorrhage. 


except for changes in the eyegrounds characteristic of hypertension, showed no 
significant focal neurologic abnormalities. 

The patient was seen on March 1, 1947, within twelve hours after sudden 
onset of unconsciousness. He was unable to speak or to express himself in any 
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way. Only during lumbar puncture did he respond to pain by withdrawal (the 
spinal fluid pressure was 180 mm. of water). He was able to close his eyelids on 
request. Occasionally the eyeballs remained fixed in left lateral conjugate devia- 
tion. The muscles of the iris were unresponsive to light. Nuchal rigidity was not 
observed. The face (central portion) and the right upper and lower limbs were 
not seen to move at any time. The deep reflexes were increased on the right 
Stimulation of the plantar surface of the right foot induced a mass withdrawal of 
the left lower limb. Hoffmann’s sign was elicited on the right side. Death oc- 
curred within twenty-four hours after his hospitalization. 

The electroencephalogram (fig. 5) on the first visit (Aug. 26, 1946) was 
free from gross abnormality. There was some increase in the random, fast activity 
in the frontal regions. On Jan. 15, 1947, after sympathectomy, the basic pattern 
of the earlier tracing persisted, but the alpha activity from the posterior part of 
the brain had taken on a higher voltage and displayed a “driven” characteristic, 
as shown by decreased amplitude modulation and increase in the amount of sym- 
metric occipital output of alpha frequency. After the sudden onset of uncon- 
sciousness, on March 1, 1947, the electroencephalogram was characterized by hich 
voltage, 2.5 to 3 per second waves over the left parietal region. 

At autopsy, the cerebral convolutions were seen to be conspicuously flattened 
by an underlying hemorrhage in the left cerebral hemisphere. This massive 
extravasation of blood almost obliterated the basal ganglia, thalamus and lateral 
and orbital frontal convolutions. Around Broca’s area the hemorrhage had rup- 
tured into the subarachnoid space. Relatively extensive blood clots were observed 
to be adherent over the inferior frontal region and the left temporal pole. The 
hemorrhage on the left side had ruptured into the lateral ventricle. Anteriorly, 
it extended from the left orbital region to the genu of the corpus callosum. At the 
rostral level of the hypothalamus there was complete tissue disintegration of the 
central portion of the left hemisphere. The hemorrhage apparently originated in 
the distribution of a deep branch of the middle cerebral artery, close to its origin. 
Small subarachnoid collections of blood were seen over the convexity of the right 
cerebral hemisphere. 

Case 2.—The patient was known to have had arterial hypertension for sev- 
eral years. In December 1945, glaucomatous complications resulted in the enuclea- 
tion of the left eye. Approximately one week prior to the final hospitalization, the 
patient became unaware of his surroundings. On his admission to the United 
States Naval Hospital, on Aug. 31, 1946, it was observed that the systolic pressure 
varied at about 200 mm. of mercury. Neurologic examination showed no paresis 
of the face or limbs, but the right eye was maintained in nasal deviation. Bab- 
inski’s sign, as well as a questionable Hoffmann sign, was elicited on the right 
side. Perception of pain appeared intact. No papilledema was observed. The visual 
field of the right eye could not be clearly established by repeated testing. At times, 
between intervals of apnea, the patient was able to talk appropriately. He was 
also able to read simple words, and even to write letters and short words. It was 
difficult to evaluate the retention of orientation for right and left, but this function 
did not appear impaired. As the illness progressed, intervals of awareness became 
less frequent, and the patient died on September 11. 

The electroencephalogram on September 5 (fig. 6) showed a fundamental 
rhythm of approximately 2 waves per second, occurring predominantly over the 
right frontal region. The right parieto-occipital derivations gave rise to less well 
defined slow activity, but alpha frequency oscillations were superimposed on the 
slow waves. 
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At autopsy, widespread arteriosclerosis of the large arteries at the base of 
the brain and their branches was observed. There was a recent massive infarction 
of the right cerebral hemisphere, involving chiefly the centrum semiovale of the 
frontal lobe, the parietal lobe and the visual area. The right posterior cerebral 
artery was also occluded. The left half of the medulla border. The right pyramid 
the corpus callosum; the right globus pallidus, involving a portion of the internal 
capsule; the left putamen; the diencephalon (bilateral), and the pons. Another 
area of recent softening was observed in the left superior parietal lobule (zone 
of junction of areas 7b and 19 of Brodmann). The left posterior inferior cerebellar 
artery was also occluded. The left half of the medulla oblongata was swollen and 
showed a grayish gelatinous area near the dorsolateral border. The right pyramid 
was slightly smaller than the left. 


Fig. 6.—High voltage, slow activity was observed over the right side of the 
brain, being most prominent in the frontal region. 

Examination of the brain disclosed an area of demyelination in the right 
corona radiata and a large area of infarction of the medial portion of the in- 
ierior parietal and occipital regions. 


Case 3.—A man aged 62 had the expressionless face of the parkinsonian 
state. He had had several strokes during the last five years, the first occurring 
about 1942. On examination, on Jan. 14, 1947, he had moderate weakness of the 
right side of the body. The right side of the face and the right limbs showed mild 
spastic hemiplegia. This man’s primary difficulty was in expressing himself ver- 
bally. When he talked, he became agitated and burst into uncontrolled crying; 
occasionally laughter also became uncontrolled. As long as he maintained his emo- 
tional continence, however, his speech was entirely intelligible. He died suddenly 
on the night of January 25. 

The electroencephalogram (fig. 7) showed a fundamental frequency of ap- 
proximately 2 waves per second over the right side of the brain. The maximum 
slow activity was over the right parietal and occipital regions. Alpha frequency 
potentials were prominently superimposed on the slow wave discharges. 

Autopsy showed generalized arteriosclerosis and multiple old and recent in- 
farcts of the brain. The immediate cause of death was asphyxia, due to aspiration 
of stomach contents, with laryngeal edema and obstruction. 
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Examination of the dissected brain showed a few small subarachnoid hemor- 
rhages over each frontal lobe. Sections of the brain through the rostral end of 
the corpus striatum showed an old cystic infarct in the right striatum. It included 
the upper portion of the caudate nucleus, internal capsule and putamen. In 
the same section the right middle frontal gyrus (area 6 of Brodmann) showed 
a superficial, wedge-shaped area of decreased consistency extending into the corona 
radiata. Further sections revealed numerous small cystic infarcts in each thalamus 
and each striatum. A section through the splenium of the corpus callosum showed 
an area of superficial softening of the zone of junction of areas 19 and 39 on 


the right side. The brain stem showed many bilateral cystic infarcts. 
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Fig. 7.—Slow activity was prominent over the right parietal and occipital 
regions. 

Autopsy, eleven days after electroencephalographic examination, showed an 
infarct in the right corpus striatum and area 6 of Brodmann. A superficial soften- 
ing in the zone of junction of areas 19 and 39 of Brodmann (right) was also 
observed. 


Case 4.—-A white man aged 22 was admitted to the hospital on Oct. 4, 1946, 
in a comatose state. According to the history, the patient had been well until 
October 3. On this date, he was taking a shower, when he suddenly had an at- 
tack of overwhelming headache. He ran out of the shower and then became un- 
conscious. On admission to the hospital, the patient responded to painful stimuli 
and at times awakened sufficiently to speak in an irrational way. He was ex- 


tremely restless. 


On examination, the blood pressure was 142 systolic and 100 diastolic. The 
pupils were equal and reacted to light, and the fundi were within normal limits. 
There was moderate nuchal rigidity. The deep reflexes were active and equal on 
the two sides. There was a suggestive Babinski sign on the left. All other ele- 
ments of the neurologic examination which could be accomplished were essentially 
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within normal limits. The spinal fluid was grossly bloody; the pressure was at 600 
mm. of water. 

On October 5 the patient was much improved and he was able to speak co- 
herently. On October 10, because of the complaint of severe headache, a lumbar 
puncture was carried out, revealing an initial pressure of 312 mm. of water. On 
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Fig. 8.—On Oct. 4, 1946, generalized 12 to 14 per second waves were seen 
in all leads. Transient slow activity was occasionally more prominent over the left 
parieto-occipital region. 

October 14: Coincident with the appearance of right hemiplegia, slow activity 
of moderate voltage dominated the output from the left side of the brain; the 
slow activity was most persistent over the left parieto-occipital derivations. As the 
condition progressed, the slow activity became generalized. 

The brain showed bilateral subarachnoid hemorrhage over the convexity and 
base. The entire posterior portion of the left side of the brain was replaced by a 
hemorrhagic infarct 


October 11 the patient became irrational and confused. On the next day complete 
right hemiplegia had developed. There was pronounced nuchal rigidity. The fundi 
appeared to be within normal limits. The pupils did not react to light. The re- 
flexes on the right were hyperactive, and an inconstant Babinski sign was obtained 
on the same side. The patient’s course in the hospital from this time forward was 
definitely downhill. Repeated examinations of the spinal fluid always showed an 
increased pressure, with xanthochromia and increased proteins. On October 31 


he died. 
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The electroencephalogram (fig. 8) on Oct. 4, 1946, taken within twenty-four 
hours after the onset of symptoms, showed a 12 to 14 per second rhythm in all 
leads. These were superimposed on, and interspersed between, random slow activ- 
ity, of about 200 milliseconds’ duration. This slow activity was transiently most 
prominent over the left parieto-occipital region. Three days after the onset of 
hemiplegia, on October 14, slow activity dominated the entire cerebral output, 
but it was much more prominent over the left parieto-occipital area. Alpha activity 
was still an important component of the tracing. Five days later no sequences of 
alpha frequencies were observed. The slow activity was generalized, but of rela- 
tively lower voltage in the occipital regions. 


Fig. 9.—Slow activity was prominent over the right frontal and parietal 
regions. At autopsy, a fresh hemorrhage was observed in the right frontoparietal 
operculum. 


At autopsy, the brain showed focal subarachnoid areas of brownish discolora- 
tion in the parietal regions and at the base. The entire left cerebral hemisphere 
was of decreased consistency, the softening being more noticeable in the parietal 
and occipital portions. A sagittal section in the midline showed occlusion of the 
great vein of Galen and its tributaries, particularly on the left side. No arterial 
thrombi were demonstrated. A parasagittal section showed a massive infarct 
involving the white matter and the overlying cortex of the posterior part of 
the brain. Microscopic section revealed almost pure cultures of gitter cells replac- 
ing the cortical tissue. 


Case 5.—A man aged 77 was admitted to the United States Naval Hospital, 
Bethesda, on April 16, 1947. On admission he showed fluctuation in awareness; 
occasionally he appeared bewildered and was unable to comprehend simple state- 
ments. The history revealed that he had had arterial hypertension for many years. 
Twelve years before admission he experienced a “stroke.” At that time he had 
transient weakness of the right limbs with an expressive aphasia. In recent years 
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he had had transient recurrence of his primary speech difficulty, but there was 
no concomitant motor weakness of the extremities. 

Examination revealed that the left pupil was larger than the right. Each 
reacted to light and in convergence. The eyes often remained in fixed forward gaze 
—occasionally conjugate lateral gaze was accomplished to either side. The face 
showed a lesion of central type on the right. The tongue deviated to the right. 
The Babinski sign was elicited on the right side. Groping and grasping movements 
were prominent bilaterally, but were more conspicuous on the right side. The 
patient responded equally well to pinprick on the two sides. Approximately two 
weeks after hospitalization he died of heart disease. 
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Fig. 10.—Sept. 13, 1946: The electroencephalographic tracing is within the 
range of normal variation; only a moderate increase in generalized high frequency 
activity is recognized. 

Jan. 2, 1947: On this date, two days prior to death, no focal or general slow 
activity was observed. A relatively high voltage alpha frequency rhythm was dom- 
inant. 

At autopsy, no gross lesions were seen. Microscopically, numerous small in- 
farcts were observed. 


The electroencephalogram (fig. 9) showed waves of 160 to 250 milliseconds 
duration in all leads. They were most prominent over the right side of the brain, 
particularly in the right frontal and parietal regions. 

The brain showed a definite asymmetry of the cerebral hemisphere in the 
frontal regions. A dark, fluctuant, bulging area, approximately 7 cm. in diameter, 
was observed in the posterior part of the third frontal convolution and a part of 
the second frontal gyrus (primarily area 44 of Brodmann) on the right side. On 
dissection of the brain, the lesion proved to be a recent hemorrhage. No other 
focal abnormalities were recognized, especially none in the left hemisphere, to 
explain the neurologic signs observed. 

Case 6.—A bookkeeper in the Government service, aged 53, volunteered the 
information that he had had arterial hypertension for several years. At the time 
of the first examination, on Sept. 13, 1946, no gross neurologic abnormalities were 
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observed. On Jan. 2, 1947, the patient was readmitted to the United States Naval 
Hospital, Bethesda. He was unable to communicate his wants by means of langu- 
age. He responded to requests to open and close his eyelids and to rotate the head 
to the right and to the left. On mention of his doctor’s name, or on any reference 
to his family, he burst into tears. He was unable to move the left upper limb. Fine 
fibrillations were seen in the muscles of the lower limbs. The deep reflexes were 
generally brisk. The Babinski sign was elicited bilaterally. On lateral movement 
of the eyes to the left, nystagmus was observed. He refused, or seemed unable, to 
gaze to the right. The eyegrounds were free from abnormality. He responded to 
pinprick in the lower limbs with withdrawal. Sensory testing was not satisfactory. 
Within forty-eight hours the patient died. 

The first electroencephalogram (fig. 10) showed a relatively low voltage, 
approximately 9 per second rhythm in all leads. Throughout there was a general- 
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Fig. 11.—Serial electroencephalographic changes associated with thrombosis 
of the cerebral vessels and relatively rapid clinical recovery. 


ized increase in random, high frequency activity. On Jan. 2, 1947, two days before 
his death, the alpha frequency activity was of high voltage, as compared with that 
of the earlier tracing. The amplitude modulation tended to be irregular. No slow 
activity, focal or general, was recognized. 

Autopsy revealed no gross asymmetry or disturbance in the convolutional 
pattern of the brain. The subarachnoid space showed small focal hemorrhages. 
In certain regions, particularly the frontal lobes, the vessels were engorged. The 
choroid plexus was intensely congested, and the ventricles were reduced to mere 
slits. The vessels in all sections were sclerotic. Several contained red thrombi. A 
small cystic infarct was observed in the left half of the basis pontis, just ventral to 
the tegmentum and close to the raphe. 

Microscopically, numerous small infarcts were observed in the white matter 
of the left superior frontal gyrus; the right putamen, right corona radiata and 
anterior limb of the right internal capsule; the diencephalon (bilateral), and the 
tegmentum and base of the pons. 


Nut 


178 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Case 7.—A man aged 23 was found in a sitting position, leaning against 
the wall at the foot of the stairs. He was dazed and almost without words to ex- 
press himself. Right hemiplegia, with involvement of the right lower part of the 
face, was observed. On his admission to the hospital, on the day of onset of 
symptoms, May 10, 1947, the blood pressure was 128 systolic and 68 diastolic. 

At that time there were right hemiplegia and hemidysesthesia involving the 
face. The prime disability was recognized in the speech sphere. He was wordless, 
but was able to respond to requests to carry out simple motor operations. Spon- 
taneous writing was poorly accomplished, but copying was moderately well done 
(with the left hand). 

On May 14, neurologic examination revealed weakness of the lower part of 
the face (static and dynamic). There was good strength in all the extremities; 
however, the reflexes of the upper limbs were brisk, as compared with the slug- 
gish reflexes of the lower limbs. Throughout, sensory perception was intact. 

On this date the language dysfunction consisted in inability to recall words 
and some difficulty in the mechanism of revisualization. Calculations were carried 
out with many mistakes, even such operations as “3-+-+-6=7"! By May 23, 1947, 
the neurologic findings, as well as the speech disorder, had receded to a striking 
degree. 

The electroencephalogram (fig. 11) on the day of admission showed a well 
defined, approximately 10 per second rhythm over the right side of the brain. 
The left cerebral hemisphere gave rise to much nonsinusoidal, slow activity, of 
about 300 milliseconds’ duration, particularly in the frontal region. Two days 
later the nonsinusoidal, slow activity was prominent in each occipital region, being 
often more sustained on the right side. Four days after onset of the clinical dis- 
orders, the left occipital lead showed isolated short bursts of waves of 200 to 250 
milliseconds’ duration. The right occipital output was free from slow activity; only 
a somewhat irregular amplitude modulation was observed. Thirteen days after 
the first test, definite slow activity was not observed. The entire record was of 


relatively high voltage; the amplitude modulation was only slightly irregular over 
the left occipital region. 


COMMENT 


Subarachnoid hemorrhages gave rise to minimal or moderate gener- 
alized abnormal electroencephalographic activity in the majority of the 
cases presented. This finding is in contrast with the presentation of Wood- 
hall and Lowenbach,* who observed decreased electric activity over the 
arteriographically confirmed site of the congenital aneurysm in all 6 of 
their cases. In 1 of the 3 cases in our series in which electric activity was 
decreased over one hemisphere, an aneurysm was found and repaired on 
the side with the relatively higher voltage pattern. In cases of subarach- 
noid hemorrhage resulting from a break in the integrity of the aneurysmal 
wall, one is, of course, recording not the changes induced in the brain 
by the aneurysmal sac acting as a space-taking lesion but, rather, the 
depressant or irritant effect of blood in the subarachnoid space. Experi- 
mentally,® it is clear that blood in the subarachnoid space results in at 


5. Cohn, R.: Subdural Hematoma: An Experimental Study, Arch. Neurol. 
& Psychiat. 59:360-367 (March) 1948. 
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least a transient focal decrease of output of potentials over the region of 


the insulted brain. However, since the great majority of congenital 


aneurysms are located in the arteries at the base of the brain, and since 
most electroencephalographic recordings are near the convexity of the 
brain, the electroencephalogram as a sensitive general means of lateral- 
izing the leaking aneurysmal sac can hardly be as uniformly impressive 
as in the cases reported by Woodhall and Lowenbach.* 

The majority of the subdural hematomas showed one of two primary 
characteristics: a maximum of high voltage, slow waves over the lesion 
(3 cases) or slow activity of reduced amplitude over the site of the dis- 
turbance (2 cases). Thus, the accumulation of blood behaved similarly 
to other space-occupying masses in the cranial vault. No essentially focal 
isoelectric?” tracings were observed over the region of a subdural hema- 
toma in our series. The possibility that the electrodes were not directly 
over the blood mass was obviated by the great extent of certain extra- 
vasations. These observations are consistent with those obtained experi- 
mentally in cats.5 In the latter work the areal extent of the blood mass, 
the volume of blood and the chronicity and intensity of parenchymatous 
changes, all were important factors in the production of the electric 
changes observed. The presence of a blood tumor of not inconsiderable 
size in the subdural space in 1 patient with no definite electroencephalo- 
graphic changes remains completely unexplained, particularly since there 
were minimal localizing neurologic signs. 

Infarctions and intracerebral hemorrhages almost uniformly gave rise 
to slow waves, either general or in the cerebral hemisphere where the 
primary lesion was observed at autopsy or was evident from the neuro- 
logic signs. Often acute lesions gave rise to unilateral slow waves from the 
frontal region, either as an isolated occurrence or as part of a general 
hemispheric phenomenon, even when, from clinical considerations, one 
would have expected the lesion to be in the posterior region of the brain. 
Usually within one or two days, this slow activity in the frontal area 
would recede, and the slow discharges in the clinically more appropriate 
areas of the same side would stand out. It was observed that cortical 
damage, resulting in infarctions and superficial intracerebral hemor- 
rhages, gave rise to much more slow activity, focal and general, than did 


deep subcortical lesions of a similar extent and volume. Lesions of the 
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cerebellum and brain stem, unless they compromised the ventricular sys- 


tem, failed to give rise to dominant focal or general slow activity. 

In general, the slow electric activity did not persist long after the 
stabilization of the clinical disturbance. This was particularly true in the 
case of the younger patients. In patients more than 40 years of age who 
had vascular accidents there was a less rapid return of the electroen- 
cephalographic patterns to within the normal range. Some maintained 
focal slow activity for more than one year after the initial neurologic 
signs. Along with age, the rate of disappearance of slow waves following 
vascular lesions depended greatly on the site and total area of brain 
damaged, or destroyed. Even when destruction of the brain cells was ex- 
tensive, resulting in large infarcts, at times early electric “recovery” took 
place, apparently because the total number of focal sick cells was re- 
duced; the infarct then acted as a good electric conductor of the poten- 
tials generated by adjacent intact neurons. Hence, if the prime generator 
was intact, an almost “normal” electroencephalographic pattern resulted, 
often within two to three weeks. That certain lesions continued to show 
low or high voltage slow activity, together with poor amplitude modula- 
tion long after the cerebral insult, probably indicated that the lesions 
were not stabilized or that the generators of alpha rhythm were destroyed. 

As previously noted, lesions in the occipital region often first, or con- 
comitantly, gave rise to slow waves in the ipsilateral frontal region. Only 
later would the more posterior, slow activity become dominant. This 
observation assists in the differential diagnosis of neoplastic lesions in the 
posterior fossa, since the latter condition is not infrequently associated 
with contralateral frontal and occipital slow activity. Space-taking lesions 
of the third ventricle often induce occipital slow activity, together with 
synchronous bifrontal low frequency discharges. 

In the course of this study, we necessarily worked with a large num- 
ber of patients (not included in the series of 130 patients that form the 
main material for this report) with arterial hypertension who had no 
gross lesions of the brain as a result of a break in the integrity of the 
vascular supply, as evidenced by clinical examination. As one might antic- 
ipate, these persons showed little or no electric abnormalities (slow 
waves). It was observed, however, that with or without rapid progression 
of clinical symptoms, certain of these patients in serial tracings, covering 


a period of from one to three years, showed progressively higher voltage 
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patterns, some of alpha frequency, others with occasional slow waves. 
This observation enabled one to estimate the continuing development of 


the disturbance of the brain cells resulting from the hypertensive state. 


CONCLUSIONS 


1. Subarachnoid hemorrhage primarily induces minimal or moderate 
generalized abnormal electroencephalographic changes. Occasionally focal 
decreased electric output is also observed. 

2. Subdural hemorrhage, in the main, acts as an intracranial space- 
consuming lesion. 


3. Relatively superficial lesions (thromboses or hemorrhages) give 


rise to prominent focal slow wave activity. 

4. Deep subcortical lesions give rise to little focal or general low 
frequency activity. 

5. Patients with arterial hypertension show progressive electroen- 


cephalographic changes with continuing chronicity. 


HEMORRHAGIC LESIONS IN THE CENTRAL NERVOUS 
SYSTEM IN ACUTE POLIOMYELITIS 


MAURICE LEV, M.D. 
S. JULIAN RUDEN, M.D. 
AND 


WILLIAM J. REALS, M.D. 
OMAHA 


- THE EPIDEMIC of acute poliomyelitis in Nebraska in 1946, we 
performed autopsies in 14 cases of the bulbar type of this disease. 
The gross lesions in the central nervous system were unexpected in that 
there was an unusual amount of hemorrhagic change. This prompted 
a study of the nature of these hemorrhagic lesions. 


METHODS AND MATERIAL 


Autopsies were performed two to ten hours post mortem in hot weather. 


The pathologic observations (except for those in the central nervous system) are 
given in table 1. 


Central Nervous System.—Fourteen brains and 13 spinal cords were ex- 
amined. The brains and cords, after initial examination, were suspended in solu- 
tion of formaldehyde U.S.P. (1:4) for three weeks or longer. The brains were 
then sectioned coronally and the cords transversely. Sections for histologic study 
were taken from the frontal, parietal and occipital lobes; basal ganglia; thalamus; 
midbrain; cerebellum; pons; medulla, and cervical, thoracic and lumbar por- 
tions of the cord. These sections were stained routinely with hematoxylin and 
eosin, and special sections were prepared with Van Gieson’s stain, orcein and 
hematoxylin, Masson’s trichrome stain, Heidenhain’s ‘“‘azan carmine”’ (azocarmine 
G) stain, Weigert’s stain for fibrin and cresyl violet. When pigment was seen, 


the sections were further stained for ferric and ferrous iron, hematoidin, fuchsin 
and lipid-containing pigment. 


OBSERVATIONS 


Gross Examination.—The fresh brain was hyperemic in all cases. 
In addition, in 4 cases the brain presented flattening of the convolutions 
with narrowing of the sulci. Subarachnoid hemorrhage was noted in 2 
cases. Coronal sections of the fixed brain revealed a brownish gray or 
gray mottling of the medulla in 5 cases and of the pons and midbrain 


From the Department of Pathology and Bacteriology of the Creighton Uni- 
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in 1 case each. In a cerebellar hemisphere in 1 case there was an area of 
frank hemorrhage, 1.5 cm. in its greatest dimension (fig 1A). This was 
accompanied with what seemed to be fresh thrombi in the overlying 
veins. In another instance one dentate nucleus was discolored brownish 
gray and was depressed. 

The fresh spinal cord in 4 cases showed hyperemia, which was 
limited to the cervical, thoracic or lumbar portion. In 1 case the hyper- 
emia was limited to several segments in the thoracic portion. In the 
other cases the cord presented generalized hyperemia, except in 1 case, 


TaBLe 1.—Pathologic Changes in the Organs Except for the Nervous System 


Gener- Lymph- 
alized oid 
| Hypere- | Hyper- 
| mia | plasia 


Acute 
Gastric 
Ulcers or 
Erosions | 


Broncho- Acute 
pneu- Myo- 
monia carditis 


Other 
Pathologic 
Changes 


Fatty metamorphosis 
of liver 


| 


+ 


| 


Acute hepatitis 


None 
Fat ty metamorphosis 
of liver 


Pulmonary embolism 


|+ 


| 
| 


Fatty metamorphosis 
of liver 


+ 


Fatty metamorphosis 
of liver; subendo- 
cardial hemorrhages 


+ + 


Fatty metamorphosis 
of liver 


‘Subacute enteritis; 
acute hepatitis 
Fatty metamorphosis 
of liver 


+ of liver 


in which it was conspicuously absent. All but 1 of the cords were de- 
cidedly swollen. A distinct localized area of softening was palpated in 
2 cases. In 11 cases cross sections of the fixed cords revealed multiple 
single and confluent brown, brownish gray or brownish red areas, of pin- 
point size to 0.4 cm. in their greatest dimension (fig. 14-D). These 
areas were noted chiefly in the anterior horns, around the central canal 
and, to a lesser extent, in the posterior horns. In some cords, however, 
they also mottled the white matter. The cervical and lumbar portions 
were maximally involved, while the thoracic portion was less extensively, 
although as frequently, affected. The result of these gross changes was 
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to make the gray matter stand out vividly against the white as the seat 
of probable pathologic process. In a few instances the hemorrhagic 
phenomena were so prominent and diffuse as to present the picture of 


pathologic changes secondary to trauma. In 2 instances the cord grossly 
appeared normal (fig. 1 £). 
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Fig. 1.—A, cross sections of the cerebellum, medulla and spinal cord in a 
case of bulbar poliomyelitis. Note the hemorrhage in the cerebellum and the dis- 
coloration of the region of the anterior horns in the cervical portions of the cord. 

B, cross sections of the medulla and spinal cord in a case of bulbar poliomye- 
litis. Note the hemorrhage and discoloration of the medulla and the conspicuous 
hemorrhagic discoloration of the lower thoracic and lumbar regions of the cord. 

C, enlargement of the thoracic and lumbar regions shown in B. 

D, cross sections of the lumbar and sacral portions of the spinal cord. Note 
the discolorations in the region of the anterior horns. 

E, cross sections of the medulla and spinal cord in a case of bulbar poliomye- 
litis. Only an occasional mottling of a region is noted. 


Histologic Examination.—Histologic examination was made specif- 
ically with the object of elucidating the nature of the hemorrhagic 
phenomenon. The relative frequencies of the pathologic changes from 
the standpoints of the individual cases and the region of the nervous 
system involved are given in tables 2 and 3, respectively. 
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It will be noted that more hemorrhages were observed histologically 
than were suspected grossly. On the other hand, many brown patches 
noted grossly were seen on histologic examination to be, not areas of 
hemorrhage, but foci of ganglionic degeneration and necrosis with or 
without mesenchymal infiltration. The hemorrhages in the brain were 
particularly frequent in the walls of the third and fourth ventricles and 
of the aqueduct and, to a lesser extent, of the lateral ventricles (fig. 24). 
They were also common in the tegmentum of the midbrain and pons 
and in the medulla. In the cord, they were most frequent in the anterior 
horns and in the central gray matter, less frequent in the posterior and 
lateral horns and least frequent, but present, in the white matter. These 


TABLE 3.—Pathologic Changes in Central Nervous System According to Location* 


| Same | est 2s | cos 
hemispheres 22 3 | 14 
Basal ganglia | 14 9 0 5 x1 3 2 7 6 3 0 
Thalamus 14 4 0 2 0 2 0 
Hypothalamus 14 7 0 4 6 5 6 6 S 4 0 
Midbrain ‘14 10 1 7 s| 7 8 9 8 0 0 
Pons | 34 12 1 8 9/8s8\n/ 12 9 0 0 
Cerebellum | 14 | 12 2 6 4] 2] 1 
Medulla 14 14 5 9 14/13 | 14/12] nu 0 | O 
Cervical 

portion of cord | 13 13 11 11 6125) win 7 0| 3 
Thoracic 
portion of cord 13 13 10 9 13 | 12 13 12 10 0 2 
Lumbar 
portion of cord 13 13 8 | 7 Riwi ®B 10 T 0 2 


*Number of times in which the pathologic change was noted is indicated by the numerals. 


hemorrhages were situated mostly around large and small venules or 
were present in the parenchyma but not in obvious relation to the vascular 
tree. In the pons, medulla and cord the hemorrhages were more fre- 
quent in regions of ganglionic degeneration and necrosis (fig. 2B). Else- 
where, however, they were as frequently present in the absence of other 
parenchymal involvement (fig 24). 

The hemorrhages consisted of well formed and well stained red 
cells, with no evidence of degeneration of the red cells, free pigment 
or macrophages with pigment at the site of hemorrhage. There was no 
correlation between the extent of the hemorrhage and the extent of peri- 
vascular or parenchymal infiltration of neutrophils and mononuclear 


cells. The veins and venules in 12 cases were greatly dilated and en- 


LEV ET AL.—ACUTE POLIOMYELITIS 187 


gorged with red blood cells (fig. 3A). In some instances these red cells 
were matted together so that only their bare outlines could be made out. 
Other veins and venules were rimmed or partially or completely filled 


Fig. 2.—A, section through the wall of the fourth ventricle. Note the greatly 
dilated veins with hemorrhage. Hematoxylin and eosin stain: x 80. 


B, section through the region of the arterior horn of the spinal cord. Note 
the hemorrhages in a region of ganglionic necrosis and degeneration, with par- 
enchymal infiltration of inflammatory cells. Hematoxylin and eosin stain; x 160. 


with hyaline masses (fig. 4). ‘These masses appeared deep red with eosin; 
purplish blue with cresyl violet; yellow brown or brown with Van Gieson’s 
stain; red, bluish red or blue with Masson’s trichrome stain, and brilliant 
orange, red or deep blue with azocarmine stain. They were sometimes 
mixed with red or white cells but showed no fibrin with special stains. 
They were interpreted as hyaline thrombi, some originating from agglu- 
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tinative thrombi of red cells, and some from platelets and serum precipi- 
tate. The capillaries were less dilated and the arteries least so. They were 
more conspicuously dilated in the cord than in the brain (fig. 54). Some 


Fig. 3.—A, section through a greatlv dilated vein adjacent to the anterior 
median fissure of the medulla. Hematoxylin- eosin stain; x 160. 

B, section showing greatly dilated venules engorged with red blood cells in 
the brain. Masson’s trichrome stain; x 80. 


capillaries contained hyaline thrombi, as did an occasional artery and 
arteriole. The suspected thrombi noted grossly in the veins of a cere- 
bellar hemisphere in 1 case proved to be masses of tightly packed red 
cells, with no fibrin. No remarkable changes could be seen in the walls 
of the arteries, arterioles and capillaries or in the intimal lining or the 
media of the veins and venules. In 3 cases in which the process was of 
longer duration, the adventitia of some of the smaller venules presented 
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proliferation of fibroblasts (fig. 5B). There was no correlation between 
the incidence of hemorrhages and that of hyaline thrombi. The hemor- 
rhages in 12 cases, however, were correlated with the dilatation of the 
venules and capillaries. In 2 cases the hemorrhages could not be cor- 
related with the dilatation of veins or with the presence of ganglionic 
necrosis. 


7% 


Fig. 4.—A, section of a venule in the brain. Note the hyaline mass which 
rims the vessel. Heidenhain’s ‘‘azan carmine” (azocarmine) stain; xX 430. 

B, section of venule in the brain. A hyaline mass fills the entire lumen. 
Heidenhain’s “‘azan carmine” stain; x 80. 

C, longitudinal section through the venule in the brain. Note the hyaline 
mass. Van Gieson’s stain; x 80. 


Macrophages containing pigment were noted in the walls of the 
arteries, arterioles and venules and in the Virchow-Robin spaces in 11 
cases (fig. 5C). These were present mostly in the subcortical white mat- 
ter, and less frequently in the basal ganglia, thalamus, hypothalamus 
and cerebellum. When unstained this pigment was light greenish yellow; 
when stained with hematoxylin and eosin, golden yellow brown, and when 
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stained with cresyl violet, deep purple. It did not give the Turnbull or 
the prussian blue reaction, but stained avidly with fuchsin and with 
moderate intensity with sudan III. It did not change to green, red or 
blue when treated with yellow (fuming) nitric acid. Accordingly, the 


pigment was considered to be lipofuchsin and to be unrelated to the 


hemorrhages. 


Fig. 5.—A, section through the spinal cord. Note the dilatation of all parts 
of the vascular tree. Van Gieson’s stain; x 80. 


B, section through a venule in the spinal cord. Note the proliferation of con- 
nective tissue in the adventitia. Hematoxylin-eosin stain; x 215. 


C, section through a Virchow-Robin space in the subcortical region of the 
brain. Note the macrophages containing pigment. Hematoxylin-eosin stain; x 215. 


The changes characteristic of poliomyelitis, namely, ganglionic de- 
generation and necrosis; perivenular and parenchymal infiltration of 
neutrophils and mononuclear cells, including glial cells; slight meningeal 
reaction, and changes in the central canal, were present in this series and 


are not the subject of the present study. 


are ] 
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COMMENT 


Although some authors have minimized the gross changes in the 
central nervous system in acute poliomyelitis (Larkin,! Grinker,? Big- 
gart,* Boyd, Goodpasture,® Karsner,® and Bell’), the literature con- 
tains many references to the presence of grossly recognized hemorrhages 
in both human and experimental cases (Money*; Drummond? ; Batten” ; 
Robertson and Chesley'!; Flexner and Lewis!*; Peabody, Draper and 
Dochez!*; Wickman!!; Blanton!5; Abramson!®; Cappell'*; Miller’; 
Larson!®; Dublin and Larson,*” and Weil*!). In the series of Robertson 
and Chesley'! the hemorrhages were so prominent that the authors made 


the diagnosis of acute hemorrhagic poliomyelitis. Microscopic hemor- 


rhages, likewise, have been noted by Siemerling,?? Mott,?* Harbitz and 
Scheel,?24 Blanton,!® Hurst,25 Sands,2° Duhig,?* Freeman,?% Faber,*® 


Swan"” and Courville.*! 


1. Larkin, J. H.: Arch. Pediat. 34:601, 1917. 

2. Grinker, R. R.: Neurology, Springfield, Ill., Charles C Thomas, Pub- 
lisher, 1934. 

3. Biggart, J. H.: The Pathology of the Nervous System, Baltimore, William 
Wood & Company, 1936. 

4. Boyd, W.: Textbook of Pathology, Philadelphia, Lea & Febiger, 1943. 

5. Goodpasture, E. W.: The Pathology and Pathogenesis of Poliomyelitis, 
in Infantile Paralysis; A Symposium Delivered at Vanderbilt University, April 
1941, New York, National Foundation for Infantile Paralysis, Inc., 1942. 

6. Karsner, H. T.: Human Pathology, Philadelphia, J. B. Lippincott Com- 
pany, 1942. 

7. Bell, E. T.: Text-Book of Pathology, Philadelphia, Lea & Febiger, 1944. 

8. Money, A.: Tr. Path. Soc., London 35:45, 1884. 

9. Drummond, D.: Brain 8:14, 1885. 

10. Batten, F. E.: Brain 27:376, 1904. 

11. Robertson, H. E., and Chesley, A. J.: Pathology and Bacteriology of 
Acute Anterior Poliomyelitis, Arch. Int. Med. 6:233 (Aug.) 1910. 

12. Flexner, S., and Lewis, P. A.: J. Exper. Med. 12:227, 1910. 

13. Peabody, F. W.; Draper, G., and Dochez, A. R.: A Clinical Study of 
Acute Poliomyelitis, Monograph 4, Rockefeller Institute for Medical Research, 
1912. 

14. Wickman, I.: Acute Poliomyelitis, translated by J. W. Maloney, Nervous 
and Mental Disease Monograph 16, New York, Nervous and Mental Disease 
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15. Blanton, W. B.: J. M. Research 36:1, 1917. 

16. Abramson, H. L.: Pathologic Report of Forty-Three Cases of Acute 
Poliomyelitis, Arch. Int. Med. 22:312 (Sept.) 1918. 

17. Cappell, D. F.: Glasgow M. J. 115:115, 1931. 

18. Miller, A. J.: Kentucky M. J. 34:113, 1936. 

19. Larson, C. P.: Northwest Med. 40:448, 1941. 

20. Dublin, W. B., and Larson, C. P.: Am. J. Clin. Path. 13:15, 1943. 

21. Weil, A.: Textbook of Neuropathology, New York, Grune & Stratton, 
Inc., 1945. 
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The pathogenesis and significance of these hemorrhages have been 
disputed. The older authors stated the belief that thrombosis of the 
anterior spinal artery accounted for the hemorrhages and necrosis and 
that the thrombosis was the fundamental lesion in this disease (Roger 
and Damaschino,?2 Money, Drummond,’ Marie,** and Mott**). This 
statement was discounted by Wickman,!* Harbitz and Scheel,** Strauss,** 
Robertson and Chesley'!! and Flexner and Lewis!* who could not de- 
monstrate thrombosis in their cases. However, thrombosis of smaller 
vessels was described by Courville*! and Weil.*! 

Injury to the walls of vessels, either toxic or mechanical, has been 
claimed by others to be responsible for the hemorrhages (Robertson and 
Chesley'!; Peabody, Draper and Dochez!*; Flexner and Lewis'*; Landon 
and Smith*5; Larson,!® and Baker®*). Swan®® suggested that the toxic 
effect on the vessels was produced by degenerative products of the brain, 
and not by the virus. Harbitz and Scheel?* and Freeman?* expressed the 
opinion that the inflammatory process in poliomyelitis was character- 
istically hemorrhagic. Wickman!‘ stated that the hemorrhages were 
partly inflammatory and partly agonal. Hurst,2° Duhig?* and Faber?® 
decided that the hemorrhages occurred post mortem. 


Despite the prevalent suggestion that injury to the vessel walls is 


responsible for the hemorrhages, changes in the vascular walls (except 


22. Siemerling, E., cited by Wickman.1!4 

23. Mott, F. W.: Arch. Neurol. Path. Lab. 1:365, 1899; cited by Wick- 
man.!4 

24. Harbitz, F., and Scheel, O.: Epidemic Acute Poliomyelitis in Norway in 
the Years 1903 to 1906, J. A. M. A. 49:1420 (Oct. 26) 1907. 

25. Hurst, E. W.: J. Path. & Bact. 32:457, 1929. 

26. Sands, I. J.: J. Nerv. & Ment. Dis. 75:616, 1932. 

27. Duhig, J. V.: M. J. Australia 1:14, 1933. 

28. Freeman, W.: Neuropathology: The Anatomical Foundation of Nervous 

ises, Philadelphia, W. B. Saunders Company, 1933. 

29. Faber, H. K.: Medicine 12:83, 1933. 

30. Swan, C.: Australian J. Exper. Biol. & M. Sc. 17:345, 1939. 

31. Courville, C. B.: Pathology of the Central Nervous System, Mountain 
View, Cal., Pacific Press Publishing Association, 1945. 

32. Roger, H., and Damaschino, F. T.: Compt. rend Soc. de biol. 23:49, 
1871; cited by Baker.36 

33. Marie, P.: Lecons sur les maladies de le moelle, Paris, 1892; cited by 
Wickman. !4 

34. Strauss, I.: Nervous and Mental Disease Monograph 6, New York, 
Nervous and Mental Disease Publishing Company, 1910; cited by Wickman.14 

35. Landon, J. F., and Smith, L. W.: Poliomyelitis, New York, The Mac- 
Millan Company, 1934; cited by Swan.30 

36. Baker, A. B.: Journal-Lancet 64:224, 1944. 
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for perivascular infiltration of cells) have been meagerly reported. 
Robertson and Chesley!! observed fat in the wall of the vessels. Abram- 
son'® and Hassin®? described enlargement; Burrows,** Wolf?® and 
Baker®* noted the proliferation, and Schréder observed both enlarge- 
ment and proliferation of the endothelial cells of the vessels. In addition, 
Flexner and Lewis!2 and Baker** noted proliferation of connective tissue 
in the adventitia of the vessels in cases of subacute poliomyelitis. 

Thus, the nature of the hemorrhages seen in acute poliomyelitis re- 
mains in dispute. 


ANALYSIS OF OUR CASES 


The hemorrhages in our series were not correlated with the pres- 
ence or extent of perivascular or parenchymal infiltration of inflam- 
matory cells. There was conspicuous absence of significant changes in 
the walls of the vessels, and there was no correlation with the presence 
of hyaline thrombi. Regardless of the length of illness or the age of the 
pathologic process, the hemorrhages appeared to be recent. This was 
evident from the well stained and well contoured red cells and the ab- 
sence of free pigment or macrophages with pigment at the site of the 
hemorrhage. The pigment in the perivascular mononuclear cells in the 
brain was lipofuchsin, and was thus unrelated to the hemorrhage. The 
nonhemorrhagic nature of the pigment was further borne out by the 
absence of the pigment in the regions of maximal hemorrhage—the mid- 
brain, pons, medulla and cord. The hemorrhages in the cord and medul- 
la were observed most frequently in regions of ganglionic degeneration 
and necrosis, but elsewhere they were more frequent without these 
changes. Thus, the hemorrhages were apparently not a part of the es- 
sential inflammatory and degenerative process of this disease as initiated 
by the virus. They were, therefore, either terminal or post mortem. The 
massiveness of the hemorrhages in the cerebullum and cord and their 
predilection for certain definite areas speak against their having occurred 
post mortem. Likewise, the fact that their location in the brain cor- 
responded in general to their location in hemorrhagic and other types 
of encephalitis and in heat stroke favors the interpretation of an ante- 
mortem origin. We consider them, therefore, to have been terminal. 

The hemorrhages in 12 cases were correlated with extreme dilata- 
tion of the veins and venules and, to a lesser extent, of the capillaries. 


37. Hassin, G. B.: A Note on the Comparative Histopathology of Acute 
Anterior Poliomyelitis and Epidemic Encephalitis, Arch. Neurol. & Psychiat. 11:28 
(Jan.) 1924. 


38. Burrows, M. T.: Is Poliomyelitis a Disease of the Lymphatic System? 
Arch. Int. Med. 48:33 (July) 1931. 


39. Wolf, A.: J. Exper. Med. 76:53, 1942. 
40. Schréder, P.: Deutsche med. Wchnschr. 51:973, 1925; cited by Hurt.=5 
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This association, together with their recent occurrence, enables us to 
advance a possible theory as to their origin. 


Batson’! showed that the veins around and in the skull and the 
vertebral column constitute a venous system of certain distinct character- 
istics. This system consists of the veins of the brain and spinal cord, the 
meninges, the bones of the skull and the vertebral column, all in plexi- 
form arrangement and mutually communicating. These veins have thin 
walls, and their contents are under low pressure. In the head and neck 
they have no valves except at the point of entrance into the internal 
jugular vein. This vast intercommunicating system is constantly and phy- 
siologically (acts of coughing, straining) the site of a frequent reversal 
of flow. During this reversal staenation exists up and down the spine, 


without involving the heart and lungs. 


In the terminal stages of bulbar poliomyelitis considerable anoxia and 
peripheral vasodilatation are present. We postulate that these factors, 
coupled with the stagnation in the vertebral venous system and the force 
of gravity operating in a patient constantly on his back in a respirator, 
result in extreme venous stasis, diapedesis of red cells and hemorrhages. 
The toxic effect on the veins of degenerated products of brain tissue may 
be another factor and may explain the predilection of hemorrhages for 
zones of necrosis and degeneration in the cord. According to this theory, 
the hyaline thrombi noted in this series, and in cases of other acute in- 
flammatory and degenerative diseases of the nervous system, would also 
be interpreted as agglutinative thrombi of red cells, platelets or serum 
precipitate produced by stasis and injury to the walls of the veins (Silber- 
berg'*). This concept may also explain the apparently nonspecific hemor- 
rhages in the brain associated with other conditions, such as heat stroke 
(Malamud, Haymaker and Custer*’), anoxia ( Freeman?‘ ), hemorrhagic 
and other types of encephalitis (Freeman,?8 Hassin**), concussion 
(Weil?!) and the hemorrhages in the cord associated with anoxia (Cour- 
ville?! 


In 2 cords the extent of the hemorrhage was out of all proportion to 
the dilatation of veins and to the degeneration and necrosis. This leads 


us to conclude that postmortem manipulation is a final factor in the 


genesis of small hemorrhages and in the enlargement of preexisting 


hemorrhages. 


Batson, O. V.: Ann. Surg. 112:138, 1940. 
Silberberg, M.: Physiol. Rev. 18: 197, 1938 
Malamud, N.; Haymaker, W., and Custer, R. P.: Mil. Surgeon 99: 397, 
1946. 
#+. Hassin, G. B.: Histopathology of the Peripheral and Central Nervous 
Systems, New York, Paul B. Hoeber, Inc., 1940. 
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SUMMARY 


In a series of 14 cases of the bulbar type of acute poliomyelitis in 
which autopsy was performed, hemorrhagic lesions were observed to be 
common, both grossly and histologically. 

Such hemorrhages associated with acute poliomyelitis are considered 
to be unrelated to the basic degenerative and inflammatory process 
in this disease. 

The hemorrhages are believed to be a terminal phenomenon, re- 
sulting from extreme venous dilatation produced by a combination of fac- 
tors: (a) the peculiar anatomic relations of the vertebral venous system, 
favoring stasis; (b) the force of gravity; (c) anoxia, and (d) injury to 
the walls of veins produced by degenerated products of the brain. An 
additional factor is postmortem manipulation. 


Miss Lorena McKeone made the histologic preparations, and Miss Claire 
Harte, the photographs. 
Creighton University Medical School. 


RATS * ES 


195 
| 
4 
4, 
| 
] 
| 


Abstracts From Current Literature 


EpITED BY Dr. BERNARD J. ALPERS 


Diseases of the Brain 


PORENCEPHALY. E. J. PENDERGRASS and C. R. Perryman, Am. J. Roentgenol 
56:441 (Oct.) 1946. 


Porencephaly has been defined as a defect communicating with the ventricles 
or separated from them by a thin layer of brain tissue, covered on the outside by 
the arachnoid membrane. Various causes have been considered: These include 
developmental defects, trauma, inflammation and vascular spasm. Porencephaly 
must be considered in the differential diagnosis of mass or contracting lesions in- 
volving the brain. Pendergrass and Berryman report 29 cases of porencephaly 
studied by encephalography or ventriculography, in 16 of which craniotomy was 
performed. 

The age of the patients varied from 9 months to 34 years, with an average 
age of 16 years. The duration of the symptoms was from three months to 30 years. 
Twenty-six of the patients had epileptic attacks as their chief complaint, while in 
the others headache, poor memory, irritability, sluggishness and excitability were 
among the prominent symptoms. In over half the cases there was paresis or 
paralysis of a limb, usually associated with lack of development of the involved 
limb. Other observations were anesthesias, papilledema, homonymous hemianopsia 
and, in 1 case, bitemporal hemianopsia. The cyst was located in the parietal region 
in 69 per cent, in the frontal lobes in 52 per cent and in the occipital lobes in 26 


2 


per cent. In 3 of the patients more than one cyst was observed. 


On conventional roentgenograms, the commonest finding was some degree of 
asymmetry of the skull. The thickness of the skull was changed on one side, most 
commonly seen as a thinning on the side of the lesion. In a few cases the vault 
was thicker on the affected side. The thinning is explained as the result of trans- 
mitted ventricular pressure through the fluid in the cyst, which lies against the 
bone. In cases in which the vault was thicker on the affected side, the underlying 
brain was usually atrophic and the overgrowth of the bone was considered a com- 
pensatory mechanism. 


If the pineal gland is calcified, it is most commonly, though not always, slight- 
ly displaced toward the side of the lesion because of the accompanying atrophy. 

A definite diagnosis can be made only by the use of air contrast studies. It 
may be necessary to wait for twenty-four hours to obtain filling of the cyst with air 
in some cases. The exact location of the communication with the ventricle is often 
difficult to demonstrate. When the cyst is small and irregular and appears to con- 
tain septums and diverticula, a traumatic cause is suspected. The cyst may be 
large enough to replace an entire hemisphere. 

In two thirds of the group there were enlarged lateral ventricles or in- 
creased size of the subarachnoid pathways indicative of associated cortical or sub- 
cortical atrophy. The ventricles were usually slightly shifted toward the affected 
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side because of the accompanying atrophy, but in 10 instances there was some 
displacement toward the opposite side. 

Porencephaly may be difficult to differentiate from nontraumatic cortical 
atrophy with dilatation of a portion of the lateral ventricle. Also, greatly enlarged 
cortical pathways in some areas of atrophy may simulate porencephaly. 


In 1 of the cases reported the cyst was of the closed type, not communicating 
with the ventricle, and on the ventriculogram the shift of the ventricles was in- 
terpreted as a mass lesion, probably tumor. In another instance calcification was 
seen within a cyst wall similar to that of a malignant glioma. 


Philadelphia. 


ARTERIOVENOUS ANGIOMA (HAMARTOMA) OF THE BRAIN WITH INTRACEREBRAL 
HEMORRHAGE. Oscar A. TuRNER, J. Neurosurg. 3:452 (Nov.) 1946. 


Turner reports a case of arteriovenous angioma of the brain with hemor- 
rhage, in which a hematoma was removed at operation. The patient, aged 38, had 
complained for two years of intermittent headaches associated with nausea and 
vomiting. For the past year there had been occasional twitching of the left side 
of the face and the left upper extremity. One day prior to admission he had a 
severe headache, was nauseated and vomited, and suddenly became unconscious. 
When he awakened, he had spastic hemiplegia of the left side. After this, he be- 
came drowsy and complained of severe right-sided headache. Examination re- 
vealed spastic left hemiplegia, paralysis of the left side of the face of central 
erigin, slurred speech with no aphasic disorder, hyperactive deep reflexes with a 
positive Babinski sign and absence of abdominal reflexes. There were also a left 
homonymous hemianopsia with macular sparing and a fixed left pupil with some 
blurring of both optic disks. A ventriculogram showed a shift to the left, with rela- 
tive nonfilling of the right lateral ventricle. 


A craniotomy revealed a large mass of coiled, tortuous vessels in the region 
of the central fissure. Anterior to the lip of the sylvian fissure was the site of a 
vascular thrombosis, and another thrombotic area was present near the upper third 
of the central vein. Two to 3 cm. below the surface of the cortex, in the region 
of the motor area, a large (50 to 60 cc.) “currant jelly” clot was removed. The 
varix itself was not touched and the wound was closed, allowing a large temporal 


decompression. 


Six months later a loud systolic bruit was present over the operative site. The 
optic disks were still blurred. A moderate degree of function was present in the 
lower extremity, but the upper extremity still retained its postoperative paresis. 


Tozer, Philadelphia. 


Cystic TERATOMAS AND TERATOID TUMOR OF THE CENTRAL NERVOUS SYSTEM 
IN INFANCY AND CHILDHOOD. D. INGRAHAM and OrviLLe T. BaILey, 


J. Neurosurg. 3:511 (Nov.) 1946. 


Ingraham and Bailey report 15 cases of cystic teratoma or teratoid tumor 
occurring in children of 15 years or younger. Eight teratomas were intracranial 
and seven were intraspinal. Pathologically, the tumors from the two areas were 
similar and varied from the simplest type, containing only stratified squamous 
epithelium undergoing keratinization, to the most complex neoplasms, with tissues 
developing from all three germ layers. Some of the teratomas were sharply de- 
marcated from the adjoining tissues, while in others there was no obvious plane of 
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cleavage, especially in the intraspinal group. In all instances some part of the 
tumor was cystic; usually multiple cysts were present. The character of the cystic 
contents ranged from a pale yellow. fluid, which clotted on standing, to a choco- 
late-colored, opaque, gelatinous-like material. The most diagnostically suggestive 
type was a cloudy, whitish fluid with a yellow tinge. The presence of hair within 
the cyst established the diagnosis without the necessity for microscopic examina- 
tion. 

The clinical aspects of the intracranial group were purely those of a space- 
taking mass. As a rule, the symptoms developed slowly, accounted for by both the 
tumor’s slow growth and a child’s ability to withstand increased intracranial pres- 
sure for longer periods than an adult. Roentgen examination may show evidence 
of calcification, but the commonest finding were signs of increased intracranial 
pressure. Encephalograms and ventriculograms demonstrated filling defects, indi- 
cating the size and position of the tumors. Of the 8 patients with intracranial 
teratomas or teratoid tumor, 5 are dead, 2 are living for periods of less than 
five years and 1 has survived the five-year period since operation. 

Symptoms of the intraspinal group of tumors were, again, those of pressure 
at the level involved. In this group, however, congenital malformations of the 
spine were common and were easily demonstrated roentgenologically. Nevi or 
pigmented spots were occasionally seen on the skin overlying the tumor. Neither 
of these conditions was pathognomonic of the lesion but was merely suggestive evi- 
dence of the underlying pathologic state. At operation, the teratomas or teratoid 
tumors were observed to be either intradural or extradural, encapsulated or 
nonencapsulated; but all had a tendency toward cyst formation. It is the authors’ 
advice that, no matter how discouraging the tumor may appear on exposure, all 
cysts should be evacuated and as much of the solid part removed as possible with- 
out damage to the spinal cord. The mortality among the 7 patients who had intra- 


spinal tumors removed was 14.3 per cent (1 case); 2 are living after five years, 
and 4 are living for periods of less than five years. 

Tumors of the teratoid type observed in the central nervous system are like 
all other tumors in this location—some are easily removed surgically; some re- 
quire reoperation several times; others, incompletely removed, remain quiescent 
for years, while still others are so invasive and malignant that radical removal is 
impossible. 


Tozer, Philadelphia. 


Lipoma oF Corpus CALLosum. R. Amyot, Union méd. du Canada 75:1391 
(Nov.) 1946. 


Amyot reports a case of lipoma of the corpus callosum in a woman aged 39 
who since her childhood had suffered from severe headache and for the last four 
years from convulsive attacks. Diagnosis was made with the aid of pneumoenceph- 
alography. A mental syndrome of frontal type and right hemiplegia resulted 
from the surgical removal of the lipoma. These postoperative neuropsychic symp- 
toms may be ascribed to the lesion of the corpus callosum associated with a left 
frontal softening. 


J. A. M. A. 
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(.EPHALIC TETANUS OF ROSE WITH OPHTHALMOPLEGIA. ANTONIO B. LEFEVRE, 


Arq. de neuro-psiquiat. Sao Paulo 4:401 (Dec.) 1946. 


Cephalic tetanus was described by Rose in 1872. Vaccarezza, in 1924, col- 
lected 128 cases and reported 4 of his own. Lefevre reports the case of a boy of 
9 years who sustained an injury to the left lower lid on Feb. 20, 1946. Five or 
six days later, deviation of the face to the right was noted. On March 5 he could 
not eat, owing to spasm of the masseter muscles. He was hospitalized on March 7. 


On his admission, there was a well healed scar in the left lower lid with no 
surrounding inflammatory reaction. The temperature was 36.6 C. (97.8 F.), the 
pulse rate 100 and the blood pressure 96 systolic and 60 diastolic. He became 
dyspneic when attempting to lie down and preferred the sitting position. ‘1 here 
were paralysis of the left side of the face of peripheral type; trismus due to 
spasm of the masseters, accentuated by voluntary movements of the face; partial 
ptosis of the right eyelid and lagophthalmos on the left side; definite limitation 
of ocular movements in the vertical axis, and some limitation of external gaze oi 
the left eye. The pupils were equal and regular and reacted well to light and in 
accommodation. There were no signs of meningeal irritation. Examination of the 
spinal fluid revealed nothing abnormal. Electrodiagnostic studies twenty-five days 
after admission showed a diminished response to galvanism and a partial reaction 
of degeneration in the muscles of the left side of the face. Tetanus antitoxin was 
given immediately after admission; he received 800,000 units. At that time con- 
tractures in the neck had been present for a few days, and 80,000 additional units 
was given in a week. The ocular palsy disappeared; the facial spasm 
no longer recurred, but the trismus persisted. Twenty thousand units of anti- 
toxin was then injected directly into the tongue, with rapid improvement of the 
trismus after this injection. Eighty thousand units was then given every day until 
his discharge after nineteen days. Altogether, the patient received 1,650,000 units 
of tetanus antitoxin. Four months after discharge he was completely well. The 
author emphasizes the ocular palsies as an unusual complication and points out 
the disappearance of the trismus after the direct injection of antitoxin into the 
tongue. 


N. Savirsky, New York. 


Peripheral and Cranial Nerves 


Post-DIPHTHERITIC PoLYNEuRITIS: A Report oF CASES wiITH ALBUMIN- 
ocyYTOLoGic DissociATION SIMULATING GUILLAIN-BARRE’S SYNDROME. MAH- 
LON H. Georce F. SUTHERLAND and Epwarp H. HAsHINGER, Ann. 

Int. Med. 24:618 (April) 1946 


Delp and associates report case histories of 5 adult patients who had neuro- 
logic symptoms attributable to diphtheria. None of the patients had evidence of 
immunity to diphtheria conferred either by the disease or by active immunization. 


A comparison of the pathologic process in postdiphtheritic paralysis and in 
the Guillain-Barré syndrome is made confusing both by a paucity of literature cov- 
ering the first disease and by the probable multiplicity of diseases reported as the 
Guillain-Barré syndrome. Wilson has perhaps more thoroughly covered the neural 
complications of diphtheria than any other recent observer. He has stated: “The 
naked eye changes in the nervous system are confined to the hemiplegic forms in 
which petechial bleeding or some focal effusions may be remarked or thrombosed 
vessels.” Wilson said that endotoxins of diphtheria act directly on, and cause 
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acute changes in, certain cells of the neuraxis. They also act directly on peripheral 
nerves apart from the cellular origins of the latter. He summarized the pathologic 
lesions as follows: (1) Motoneurons and sensory protoneurons are damaged by a 
neurotoxin acting directly on parenchyma, and, while in general nerve fibers suffer 
first and most, other cases are distinguished by a primary attack on either nerve 
cells or motor end organs; (2) in addition, any part of the neurons concerned 
will exhibit secondary reactions according to the rules of degeneration. Miscroscop- 
ically, the dominant lesion is seen to be neuritis, a parenchymatous degeneration 
of myelin sheaths of both motor and sensory fibers through their extent. Norris and 
his group reported 1 case in which autopsy showed severe degenerative changes 
in the medulla and anterior horns of the spinal cord pointing to definite involve- 
ment of the central nervous system as well as peripheral damage. 

The pathologic process of the Guillain-Barré syndrome is equally vague. 
It was Guillain and Barré’s original contention that their patients had only the 
most favorable prognosis. Since the original description, a number of fatal cases 
have been reported. It is not clear how many varieties of disease might be repre- 
sented in these reported pathologic studies. Baker reported 2 fatal cases, with 
pathologic observations. He noted changes consisting of perivascular foci of 
demyelination scattered throughout the cerebral hemispheres, neuronal alterations 
within the cranial nerve nuclei and patchy areas of myelin destruction within the 
peripheral nerves. Sabin and Aring reported 3 fatal cases with extremely care- 
ful and complete anatomicopathologic studies. They observed extensive visceral 
lesions consisting of focal degeneration and infiltration with mononuclear cells in 
the adrenal glands, liver and kidneys. Lesions in the heart consisted of interstitial 
infiltration with mononuclear and polymorphonuclear cells and, in 1 case, of 
necrosis of isolated muscle fibers and focal phlebitis. Zonal chromatolysis is de- 
scribed in the nerve cells of the spinal cord and medulla. In addition, degenerative 
changes were observed, consisting of vacuolization and the appearance of many 
sharply outlined acidophilic bodies in the cytoplasm of some of the nerve cells in 
the abdominal sympathetic ganglia. After the study of these 3 cases, the authors 
expressed the belief that the existing data fit best the “hypothesis that infectious 
polyneuritis is caused by a toxin or toxins with affinities for the peripheral nerves 
and the viscera and elaborated by the microérganisms responsible for the infection 
of the respiratory tract which usually precedes the onset of nervous symptoms.” 

A comparative analysis of the clinical and clinicopathologic picture of post- 
diphtheritic paralysis and of the Guillain-Barré syndrome is likewise not clear. 
Case 4 illustrates rather completely the classic signs, symptoms and clinical patho- 
logic picture of postdiphtheritic paralysis. There was the history of a sore throat 
with presence of a membrane and positive bacteriologic findings clinching the 
diagnosis of diphtheria. The patient did not receive the known specific therapy 
until the ninth day of his illness, giving ample opportunity for the toxin to fix 
itself firmly in the tissue of the nervous system. After a delay of five weeks of com- 
parative freedom from symptoms, there developed first ocular palsies, then palatal 
paralysis, to be followed soon by peripheral paresthesias, gradual loss of all but 
superficial sensation and then profound diminution in motor function. All these 
signs and symptoms gradually disappeared over a period of weeks, with return 
to the normal. The changes in the spinal fluid were characteristically those of 
albuminocytologic dissociation. 

The clinical picture of the Guillain-Barré syndrome has been elaborated by 
Baker’s study in which he reported on 33 patients. He emphasized the following 
characteristics of this syndrome, referred to as a “disease:” (1) sudden onset, 
occasionally preceded by a history of antecedent infection of the respiratory pas- 
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sages; (2) absence of those findings suggestive of a septic or toxic reaction, in 


spite of severe clinical symptoms; (3) cell-protein dissociation of the spinal fluid; 


(4) radicular involvement; (5) facial nerve palsy; (6) absence of mental symp- 
toms; (7) favorable prognosis. This conforms well with the original criteria of 
Guillain and Barré, with some modification. 

Elevation of the spinal fluid protein in cases of postdiphtheritic paralysis has 
been observed and noted by Wilson, Baker and others, but the albuminocytologic 
dissociation has not been emphasized. Since this has grown to be the most char- 
acteristic feature of the Guillain-Barré syndrome, it is littlhe wonder that so many 
cases are arbitrarily cited as examples with the finality of making a complete 
diagnosis. Ederle mentioned this finding in diphtheritic polyneuritis. He suggested 
that this change placed the disease in the same category with “polyneuritis,” 
“polyradiculomyelitis” and the Gullian-Barré syndrome. He further suggested that 
this entire group be designated by the general descriptive term “serous radicu- 
loneuromyelitis.” 

All this shows the difficulty of attempting to compare either the clinical or 
the pathologic features of diphtheria of the nervous system with those of any 
other symptom complex at present falling into the group with which it is classi- 
fied. This is especially evident when it is noted time after time in case reports that 
the patient either shortly prior to the onset of neurologic symptoms or at some 
remote -eriod had had an inection of the respiratory tract or a sore throat. 

Again, referring to Wilson, it was found that he had recorded the fre- 
quency of neurologic complications in diphtheria as varying with the observer 
from 8 to 66 per cent. Some variability of this incidence can also be attributed to 
the individual epidemic. The usual frequency is considered to be about 10 per 
cent. Norris and associates reported 18 cases of diphtheria occurring in the South 
Pacific, in 13 of which postinfectional paralysis developed. This represents a very 
high incidence of paralysis, but is no doubt accounted for by the mild initial 
signs of infection and the late observation of the patients. Many cases in which 
there are mild ocular palsies and involvement of the pharyngeal muscles are un- 
observed, so that the exact incidence of damage to the nervous system is made 
still more difficult to determine. 

The question arises whether the 5 patients with polyneuritis observed by 
the present authors might have an unusual predisposition or susceptibility to 
damage of the nervous system by diphtheria toxin. This possibility was consid- 
ered but held unlikely. All the patients had endured exposure, privation and ad- 
ditional disease. Four had been on inadequate diets for weeks. Deficient vitamin 
intake was to be expected. Shulack and Peters recently reported a case showing 
changes in the spinal cord due to avitaminosis. The possibility that their patient 
may have had diphtheria previous to observation cannot be dismissed. Failure to 
administer antitoxin early is apparently the important factor. Norris and _ his 
associates found that antitoxin administered within four to twenty-eight days 
of the onset of diphtheria did not prevent the paralysis. However, in the patients 
receiving antitoxin within three days paralysis did not develop. This further fon- 
firms the belief that diphtheria toxin becomes fixed in the tissue of the nervous 
system early, after which it cannot be neutralized. In case 2 of the present report, 
the patient received antitoxin five days after the onset of his illness. It did not 
prevent paralysis. In cases 1 and 4 the patients received antitoxin at much 
longer intervals after the initial appearance of diphtheria; hence, no response 
was to be expected. 
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Cutaneous diphtheria, as manifested by cases 1 and 5, is in itself of more 
than passing interest in wartime. Cameron and Muir studied a group of 66 cases 
occurring in the Middle East. Saffron likewise reported such a case of recent 
date and reviewed the literature. Of particular import is the fact that Cameron 
and Muir found 12 cases of paralysis in the group of 66 cases observed. Unless 
the lesions are seen and examined and an accurate bacteriologic examination is 
made, the true nature of the infection is unrecognized. The broad areola of 
brown pigmentation surrounding the site of the original lesion is believed to be 
characteristic. It has color characteristics similar to the residual pigmenta- 
tion seen after a strongly positive reaction to the Schick test. Two patients, not 
included in this series, but presenting signs of polyneuritis with elevated spinal 
fluid proteins, had numerous lesions of similar appearance on both legs. The 
diagnosis seems clear, but the lesions were healed and no bacteriologic examination 
could be made; hence, the cases are not reported. The possibility that the result- 
ant paralysis was improperly diagnosed as simple infective neuronitis or as the 
Guillain-Barré syndrome is highly likely. Corynebacterium diphtheriae finds 
cutaneous lesions and wounds excellent sites for remaining undetected until its 
toxin has attacked tissue in the nervous system. 


GutTtTMaN, Philadelphia. 


ISOLATED PARALYSIS OF THE SERRATUS MAGNUS (ANTERIOR) FOLLOWING SuR- 
GICAL Procepures. P. H. Lorwan, Arch Surg. 54:656 (June) 1947. 


Lorhan reports a case of palsy of the serratus anterior muscle which developed 
after an abdominal operation performed while the patient was under nitrous 
oxide-ether anesthesia, in the Trendelenburg position. The paralysis was preceded 
by severe pain in the supraclavicular region and in the shoulder. The author 
emphasizes the importance of taking all precautions during anesthesia and opera- 
tion to avoid pressure on the brachial plexus, shoulder and neck. 


List, Grand Rapids, Mich. 


ACUTE PorPHyYRIA: REPORT OF FATAL CASE WITH SEVERE NEUROLOGIC MANI- 


FESTATIONS ENCOUNTERED IN SOUTHWEST Paciric. K. H. Assorr and H. S. 
Evans, Bull. Los Angeles Neurol. Soc. 11:20 (March-June) 1946. 


A corporal aged 22, who came under the observation of Abbott and Evans 
in the South Pacific area, complained of pains and cramps in the abdomen, mostly 
involving the right upper quadrant. He gave a history of previous attacks of ab- 
dominal pain with remissions and exacerbations. He had paralysis of the muscles 
of the upper extremity and paresis of the lower extremity, and there was respira- 
tory embarrassment. Porphyrins were demonstrated in the urine. Death followed 
a series of generalized convulsions. Microscopic studies revealed a tendency to 
patchy degeneration of the myelinated fibers of the nerve roots and of the white 
matter of the spinal cord, a more selective degeneration of the central white fibers 
which pass through the gray matter, the occurrence of petechial hemorrhages and 
areas of focal necrosis in the pons and an advanced degree of chromatolysis in 
cells of the dentate nucleus as well as cerebellar and cerebral cortex. Toxic changes 
were observed in the liver and spleen. The authors suggest that treatment should 


be directed toward protecting the liver against the toxic factor causing this dam- 
age. 


J. A. M.A. 
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LUXATION OF THE ULNAR NERVE. VALENTINE C. Grrapt, Rev. Asoc. méd. argent. 
59:692 (June) 1945. 


Traumatic dislocation of the ulnar nerve is rare. A 19 year old youth sus- 
tained an injury to the second, third and fourth lumbar vertebrae and the left 
elbow in a motor boat accident seven months before he was seen. There was a 
severe contusion in the region of the left elbow without osseous lesions. The left 
upper limb was in a cast for forty days. About twenty days before he was seen, 
be began to experience paresthesias in the left fifth finger; he also felt a tendon- 
like structure in the anterior part of the elbow, which when touched caused elec- 
trical sensations, radiating to the hand. In the subcutaneous tissues, a cordlike 
structure was found in the anterior portion of the elbow region just below the 
skin. Touching this nerve produced electrical sensations in the distribution of the 
radial nerve. There were nondissociated sensory changes in the one and one-half 
fingers of the ulnar innervation. An operation was performed, and a 12 cm. in- 
cision was made in the anterior surface of the epitrochlear region. The ulnar nerve 
was found in the subcutaneous tissues; it was put into an opening in the aponeu- 
rosis and muscles in the anterior region of the elbow. The paresthesias disappeared 
after the operation. The dislocation of the ulnar nerve anteriorly was probably due 
to a rupture of the olecranoepitrochlear band. The author had previously made 
112 dissections of the posterior region of the elbow and found only 3 cases in 
which the olecranoepitrochlear band was absent. In all the other cases this con- 
nective tissue band was found; it contained no muscle tissue. 


N. Savirsky, New York. 


STRETCHING OF ScriaTIG NERVE UNDER ANESTHESIA IN TREATMENT OF ACUTE 
Ruevumatic Sciatica. C. A. CAMMAERT, Nederl. tijdschr. v. geneesk. 90: 1616 
(Nov. 9) 1946. 


Cammaert treated patients with acute rheumatic sciatica by bending the 
extended leg at the hip joint into abductions up to an angle of about 100 de- 
grees. The bending is done by gradually increasing back and forth movements. 
This entire manipulation of stretching the sciatic nerve requires about ten minutes 
and is performed under deep ether anesthesia. The patients could walk after one 
or two days and were able to resume their work a week or two later. 


J. A. M.A. 


Treatment, Neurosurgery 


“MuscLe SpAsM” In AcuTE Low Back PAIN AND SIMILAR SYNDROMES: NEW 
METHOD OF TREATMENT WITH CURARE (D-TUBOCURARINE IN OIL AND 
Wax). E. B. ScHLEsINGER and C. Racan, Am. J. Med. 1:621 (Dec.) 1946. 


According to Schlesinger and Ragan, “muscle spasm” is often an integral part 
of the clinical picture of the acute syndrome referable to the lower part of the 
back. A suspension of d-tubocurarine in peanut oil and white wax has proved 
useful in breaking up the muscle spasm. The difference in the response of patients 
exhibiting root compression from those with other types of disorders is described 
and is suggested as a diagnostic test. The use of d-tubocurarine in oil and wax 
for the prevention of deformity and alleviation of pain in early rheumatoid 
arthritis has led to promising results in a small group of patients. 


J. A. M.A. 
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“Sopium AMYTAL”: ITs THERAPEUTIC AND DitaGNostTic UsgEs. E. N. KAMENEVA 


and P. K. Yacopxa, Am. Rev. Soviet Med. 3:328 (April) 1946. 


Kameneva and Yazodka discuss the use of “sodium amyta!',” the chief con- 
cern being the general care of the patient and, particularly, the feeding of pa- 
tients who refuse food. “These patients who needed artificial feeding ate volun- 
tarily during the period of release.” 

The authors state that “the therapeutic effect of the injection of amytal on 
the patient need not be temporary.’’ On the contrary, in many cases the daily use 
of “‘amytal” with caffeine in releasing and euphorizing doses for one or two 
months produced lasting results. 


“Most often a lasting therapeutic effect was evident in the treatment of cata- 
tonic stupor. In these cases we used daily injections for 1'/2-2 months. At first the 
patients showed a relaxation for 2-3 hours, then fell into stupor again. Gradually 
the periods of release became longer. As time went on, it became possible to ob- 
tain release for the entire afternoon, and when the patient, at the beginning of 
the treatment, failed to get his injection, we noticed a deepening of the stupor. 

“After some six weeks, daily injections were no longer necessary. The patient 
did not show any disturbing signs even if routine injections were interrupted. We 
considered the result as lasting and treatment as completed when a temporary dis- 
continuance of injections did not alter the state of the patient. 


“Usually the treatment lasted from two weeks to two months. The majority 
of patients who successfully completed this therapy did not return to the clinic. 
We were able to follow up one of our first cases for several years after the treat- 
ment.” 


One case history is presented of a 27 year old man who apparently had 
paranoid schizophrenia. While he was in the hospital he was inaccessible, had 
hallucinations and delusions. During intermittent treatment with amytal he “re- 
laxed and became more accessible, but soon these symptoms reappeared.’ He was 
then started on a series of triweekly injections for thirty treatments, and he im- 
proved after each treatment. 

The authors state: “We certainly cannot exclude the possibility that the use 
of amytal injections may have merely coincided with a spontaneous remission. Be- 
fore treatment, however, no tendency toward improvement could be observed. 
Particularly convincing was the gradual and obvious improvement following each 


injection. Therefore we must assume that the possibility of remission or improve- 
ment would have remained latent without the stimulation of the vegetative sys- 
tem through the subcortex. The added improvement of cerebral circulation and 
euphorization weakened the inhibiting action of the cortex. The psychogenic fac- 
tor also contributes to the renewal of the patient’s contact with the external world 
and stimulates thereby his emotional and intellectual responses. 


“Alhough this method cannot be considered final, it should be used in those 
cases where shock therapy cannot be applied, or has failed. At any rate, in releas- 
ing catatonic stupors, our method should be tried because of its simplicity and 
harmlessness. 


“In our daily hospital work this treatment considerably facilitated our task 
of differential diagnosis between a psychogenic stupor in neurotics and psycho- 
paths, and the catatonic stupor in schizophrenics or else between similar states of 
complete inaccessibility, even mutism in both. Mutism usually disappeared in both 
conditions, but the content of the utterances, as well as the general reaction to the 
releasing method was different. 


4 
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“Consequently, we think that this treatment, besides its use in psychiatric 
clinics for civilian patients, can also be given to military patients, particularly in 
instances of dea{ mutism. It is of value for differentiation of the psychogenic, 
hysterical deaf mutism from the organic and schizophrenic mutism. It also aids in 
elimination of the functional overlapping and the speeding up of the treatment of 
these cases. It can be applied also with much success in military situations where 
the prompt diagnosis of difficult cases is so very important.” 

GutTtTMAN, Philadelphia. 


Use oF AMPHETAMINE IN MENTAL DisEASEs. M. Y. SEREISKtI, Am. Rev. Soviet 
Med. 3:320 (April) 1946. 


The material on which this study is based includes 15 cases of what the au- 
thor calls “true narcolepsy” caused by encephalitis and epilepsy. Sereiskii asserts 
that, except in the treatment of narcolepsy, amphetamine is an adjuvant rather 
than a basic treatment. To achieve a temporary stimulation, amphetamine is ad- 
ministered for a short time only—for a few hours or days. When real therapy is 
the goal, amphetamine should be administered for longer periods. An optimal dose 
is 10 to 20 mg. two or three times a day. Small doses which do not increase the 
blood pressure are harmless even when they are given over a longer period. The 
closer the treatment approaches the causal type, as for instance in narcolepsy, the 
longer is the effect of amphetamine and the higher the tolerance. Patients tolerate 
high doses better and show fewer secondary symptoms. The possibility of a para- 
doxic reaction makes it advisable to administer 10 mg. of amphetamine as a test 
dose in the morning on an empty stomach. 


Special care must be taken when amphetamine is given in acute psychotic 
conditions, for these may be followed by an aggravation of symptoms, such as an 
increase in the paranoid manifestations or an intensification of perseverant ideas. 


In many cases during the first five to ten days of treatment the general 
stimulation may be complicated by secondary symptoms: exaggerated motor and 
speech excitation, a certain restlessness, irritation, a hypomanic overestimation of 
one’s strength and possibilities, stronger vegetative symptoms and, particularly, 
sleep disturbances, sleep usually becoming lighter. Usually this severe reaction soon 
disappears. In other cases the stimulation seems to decrease as time goes on, and 
an increase in the dose becomes necessary. In chronic diseases it is useful to give 
amphetamine intermittently to avoid possible relapses. 

As for the treatment of psychologic and nervous conditions, it is stated with 
certainty that in narcolepsy the results are excellent and lasting. The well defined 
and specific antihypnotic effect of amphetamine, the relatively mild toxicity, the 
lasting effect, the negligible secondary influences as a stimulant of the peripheral 
nervous system and the positive influence on the asthenic state through the addi- 
tional use of ephedrine—these are the basic principles for the treatment of narco- 
lepsy with this drug. This method of treatment is approximately three times as 
effective as treatment with ephedrine; it can be considered specific and gives posi- 
tive results in most cases. 

The author states: “If in diseases with sleep disturbances and acute asthenia 
amphetamine proves to be a specific, almost causal therapy, this preparation, as 
our own material and literature show, is also effective in the syndrome of asthenia, 
adynamia, fatigue, exhaustion, mental diseases, and in neuroses of the most differ- 
entiated etiology. This syndrome is noticed particularly in ambulatory patients. 
Here the beneficial effect of amphetamine has been proved beyond any shadow 
of a doubt.” 
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It is stated that the best results were obtained when patients with the “acute 
astheno-adynamic syndrome” were treated with amphetamine in doses of 5 to 20 
mg. once or twice daily. It is stated that a positive effect was shown in 70 to 80 
per cent of all cases. After prolonged use amphetamine usually becomes less ef- 
fective, and in most cases totally ineffective. In cases of narcolepsy the effect of 
amphetamine lasts sometimes for months. The author states that in most cases of 
schizophrenia amphetamine did not seem to bring about any changes. He states 
that amphetamine is not indicated for manic-depressive psychosis. In the depres- 
sive phase it does not affect the mood very much. The author then goes on to 
state that “we have even gained the impression that amphetamine can forestall 
attacks of endogenous depression.” Then it is stated, “It is necessary to emphasize 
again that the use of amphetamine in the treatment of depressed patients must be 
carefully evaluated.” 


Amphetamine was employed for 40 patients with alcoholism. These patients 
had a “lasting depression,” and “gratifying results were achieved in 32 cases. The 
question of the use of amphetamine in chronic alcoholism is unsettled.” 


Amphetamine is of value for patients who are poisoned by barbiturates and 
morphine, and the author has been successful in the treatment of addiction to 
codeine with amphetamine, caffeinomania and, finally, 2 cases of nicotine poisoning 

Less favorable results are obtained when the drug is used in treatment of 
neuroses, particularly when asthenic complaints are combined with anxiety, rest- 
lessness, irritation and hypochondriac complaints. Amphetamine is definitely not 
recommended in conditions of acute anxiety, in which amphetamine may intensify 
the anxiety. For this reason, great care in its use is required in cases of involu- 
tional melancholia, mixed manic states and anxiety neuroses. In this connection, 
it should be noted that mild phobias and obsessions may be favorably influenced 
by amphetamine. 


GutTMaNn, Philadelphia. 


SPONTANEOUS RUPTURE OF THE SPLEEN DuRING MALARIA THERAPY. LAWRENCE 
I. Kapitan, Hitton S. Reap and DeWitt F. Mutuins, Ann. Int. Med. 
24:707 (April) 1940. 


Kaplan, Read and Mullins mention 31 cases of splenic rupture which occurred 
during malarial treatment of patients with syphilis of the central nervous system. 
They report their observations on a man aged 38 who was given malarial treat- 
ment because of the syphilis of the central nervous system. He had eleven uncom- 
plicated paroxysms, and during the twelfth one he apparently went into shock and 
died. Necropsy revealed spontaneous rupture of the spleen. 

The authors comment that although chronic enlargement of the spleen fol- 
lowing recurrent attacks of natural malaria has been offered as an explanation 
for splenic rupture, it is known that this complication develops much more com- 
monly during therapeutic malaria than in the naturally acquired disease, in which 
it rarely occurs. With the exception of the case here reported, in which an attack 
of natural malaria preceded the therapeutic inoculation by approximately six 
months, most of the ruptures during therapy occurred in cases of primary malarial 
attacks. 

The differentiation between traumatic and spontaneous rupture of the spleen 
in patients treated with malaria is often difficult because so many of the patients 
are restless and disturbed during treatment, incurring minor injuries probably 
sufficient to cause rupture in an enlarged spleen pathologically altered by the 
malarial process. Trauma could not be indicated as an etiologic factor in the case 
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reported unless the severe malarial rigor, followed immediately by collapse, is 
considered the equivalent of a traumatizing incident. Nevertheless, patients receiv- 
ing malarial therapy should be handled with extreme caution in an effort to pre- 
vent even insignificant injury to the chest or abdomen. 


Polayes and Lederer are of the opinion that the increase in fibrous tissue in 
the splenic capsule and septums, with resultant loss of elasticity, as reported by 
Bigland and his associates in more than 97 per cent of 390 cases of syphilis of 
the central nervous system, predisposes to spontaneous rupture. The usual changes 
considered as predisposing factors, namely, enlargement and softening, were not 
present in the spleens of patients with neurosyphilis prior to the induction of 
malaria. The necropsy observations in several of the 31 cases of spontaneous rup- 
ture reviewed revealed thickened splenic capsules, partly adherent to the dia- 
phragm in some cases and merely firm and brittle spleens in others. In Bruetsch’s 
case, one portion of the capsule was actually the seat of cartilaginous changes. 
Therefore, it seems likely that fibrosis and thickening of the splenic capsule, 
whether occasioned by a syphilitic process or by repeated attacks of malaria, act 
to restrain the splenic expansion which normally occurs during malarial infection 
as a result of the destruction of erythrocytes and proliferation of the reticuloendo- 
thelial system. Since this expansion can take place only when normal elasticity 
remains, rupture in some cases may, therefore, depend on the degree of engorge- 
ment, precipitated perhaps by the added insult of some injury. 

GutTtTMaN, Philadelphia. 


REPAIR OF DEFECTS OF THE SKULL. Oscar A. Turner, Arch. Surg. 53:312 
(Sept.) 1946. 


Defects of the osseous structures of the temple and orbit often produce un- 
sightly disfiguration which is out of proportion to the actual size of the bony de- 
fect. To obtain good cosmetic results, the cranial defect should be repaired first, 
before plastic restoration of the soft tissues is attempted. Tantalum sheet is the 
most satisfactory material for this procedure. If the loss of bone is extensive and 
of complex shape, the tantalum plate must be prepared prior to operation from a 
carefully taken mold. Firm anchorage of the plate and accurate apposition across 
the skull by countersinking are essential. 

List, Grand Rapids, Mich. 


PsYCHOSURGERY FOR RELIEF OF UNBEARABLE Pain. J. W. Watts and W. FReEeE- 
MAN, J. Internat. Coll. Surg. 9:679 (Nov.-Dec.) 1946. 


Among the 360 patients with nervous and mental disease on whom Watts 
and Freeman performed lobotomies there were some whose complaints of pain ap- 
peared excessive. After lobotomy not only did the anxiety, apprehension and 
nervous tension disappear, but the unceasing complaints of pain were no longer 
heard. This led the authors to employ psychosurgery for the relief of unbearable 
pain. Six of the 9 patients presented had mental disorders. All of these com- 
plained of severe, unbearable pain. Three of the 6 had demonstrable organic 
disease but the complaints were out of proportion to the condition. The other 3 
had no organic disease. The authors also present 3 cases of severe pain due, re- 
spectively, to radiculitis, carinoma of the rectum and tabes dorsalis. They con- 
clude that when unbearable pain is one of several symptoms in a mental disorder 
the complaints of pain disappear along with the nervous reactions following pre- 
frontal lobotomy. When pain due to organic disease becomes unbearable (the dis- 
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ease itself being incurable) and fear of pain becomes as dreadful as pain itself, 
prefrontal lobotomy is indicated. Psychosurgery alters the person’s reaction to 
pain without materially changing his abiuty to ieel pain. Pain may _ be 
present, but when divorced from its implication—the threat to his security and 
fear of disability and death—it becomes bearable and may be accepted with 


fortitude. 


Tue SurcicaL TREATMENT OF HEMIFACIAL SPASM. JAMES GREENWOOD, J. Neu- 
rosurg. 3:506 (Nov.) 1946. 


Greenwood reports a method for locating the facial nerve and its branches 
by electrical stimulation. Either alcohol is injected into these nerve branches or 
they are severed surgically to control spasm. A hypodermic needle is used as an 
electrode to stimulate the individual nerve branches. Into these are then injected 
procaine and alcohol without moving the needle from its point of maximum 
stimulation. Relief lasts from four to six months and repeated injections are there- 
fore necessary. 

The branches of the facial nerve are dissected free, stimulated by an elec- 
trode, and then are divided completely or partially, depending on the amount of 
paralysis desired. In this manner the maximum amount of relief from spasms is 
obtained with a minimum amount of paralysis of the facial muscles. The re- 
sults of surgical division are more permanent. 

Twenty-two cases are reported, with satisfactory results in all of them. 

Tozer, Philadelphia. 


A New METHOD FOR THE CONTROL OF HEMORRHAGE IN CEREBRAL SURGERY. 
Mason Trupp, J. Neurosurg. 3:548 (Nov.) 1946. 


Trupp describes an apparatus with which the neurologic surgeon can more 
quickly and accurately coagulate bleeding vessels. This consists of a series of bottles 
filled with antiseptic solution through which compressed air is forced and delivered 
to the bleeding site by way of a conventional suction tip. It is of particular use 
in secondary exposures where the scarring and fibrosis caused by muscle tabs are 


encountered. 
Tozer, Philadelphia. 


A SuccEessFUL AUTOGENOUS GRAFT FOR RADIAL NERVE PARALYSIS. LEONARD A. 
Titrup, J. Neurosurg. 4:92 (Jan.) 1947. 


Titrud reports the case of a woman, aged 32, with a mild form of von Reck- 
linghausen’s disease who had had a neurofibroma removed from her left radial 
nerve in 1940. Twenty months later she still had left wrist drop with complete 
radial nerve paralysis below the elbow. It was therefore necessary to resuture the 
nerve with the use of a graft. A cable graft from the dorsal antibrachial cutaneous 
nerve was used to span a gap of 4.5 cm. between the resected ends of the radial 
nerve. Eleven months later the patient was able to extend her wrist, although the 
ability to dorsiflex the left thumb was still absent. Four and one-half years later 
the wrist drop was corrected, dorsiflexion of the thumb had partially returned 
and an area of hypesthesia to pinprick existed along the distribution of the dorsal 
antibrachial cutaneous nerve. She was using her left arm effectively for all of her 
routine housework. 

Tozer, Philadelphia. 
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FRIEDLANDER BACILLUS MENINGITIS TREATED WITH STREPTOMYCIN. S. TARTAK- 
orF, B. GrynsAum and P. M. LeCompte, New England J. Med. 235:681 
(Nov. 7) 1946. 


Tartakoff and his associates report that in a case in which a meningioma 
was removed from a man’s right hemisphere in the frontal area, a diagnosis of 
meningitis was made a week later and Friedlander’s bacillus type B was demon- 
strated in cultures of the blood and the spinal fluid. In spite of continued in- 
tramuscularly and intrathecally administered penicillin, supplemented by sulfadia- 
zine, the patient’s condition became worse, and although the spinal fluid showed 
no organisms it became increasingly gelatinous. Intrasternal administration of 
streptomycin was begun, but the man died three days later. It is significant that 
after the administration of streptomycin the spinal fluid became less viscid and 
that at necropsy study of the meninges and of the surface of the brain disclosed 
evidence of a nearly healed meningitis. Whether this would have been found if 
only the use of penicillin had been continued cannot be answered. Death was due 


to pulmonary embolism incident to a thrombophlebitis in the lower extremities. 
J..A. M. A. 


SURGICAL TREATMENT OF PAINFUL PHANTOM LIMB: PRELIMINARY J. 
BROwDER and J. P. GALLAGHER, New York State J. Med. 46:2403 (Nov. 1) 
1946. 


Browder and Gallagher present a preliminary report of their study of 100 
adults with absence of one or more extremities. Interruption of proprioceptive 
sensibility of the involved part seems to be the only probable method for the relief 
of enduring painful phantom limb and was accomplished by section of a dorsal 
column of the spinal cord in 2 patients with the typical syndrome of viselike, 
fixed abnormal posture of a ghost foot and in 1 with phartom forearm and hand. 


J A. M.A. 
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Society Transactions 


BOSTON SOCIETY OF PSYCHIATRY AND NEUROLOGY 
Kenneth J. Tillotson, M.D., Presiding 
Regular Meeting, Nov. 13, 1946 


Clinical Studies on Fatigue States. Dr. Hartey C. SHANps, Dr. Jacos E. 
FINESINGER AND Dr. ARTHUR L. WATKINS. 


The exact nature of fatigue and the factors producing it are not clearly un- 
derstood. This is particularly true of what is called “chronic” fatigue. 

In the literature a variety of definitions are used to delimit the word “fa- 
tigue.” Physiologists, psychologists, industrial consultants and laymen all have dif- 
ferent ideas of what precisely is meant by this term. One of the primary purposes 
of the present study was to describe in detail exactly what the patient himself 
means when he says he is tired. 

Historically, a great deal has been written about fatigue in both the lay 
and the medical literature. The early medical literature includes such prominent 
names as Beard, DaCosta, Weir Mitchell, Mosso and Freud. Interest has been 
stimulated by symptoms of industrial and individual fatigue occurring frequently 
during the years of World War I and World War II and the intervening period. 
Recent studies on industrial relations have demonstrated that there is a large 
factor of morale in the occurrence of industrial fatigue. In the recent war, “‘com- 
bat fatigue” was the term used to describe all acute psychiatric conditions as they 
were seen on the actual battlefield. 

In the psychiatric ward of the Massachusetts General Hospital and the 
outpatient service, we studied a large group of patients complaining of the 
symptoms of fatigue. The group comprised 70 patients—33 women and 37 men, 
with a range of ages from 17 to 66 years. Most of these patients were seen briefly; 
a few, now about 20, were studied in considerable detail over a long period. 
Psychotic patients and patients with most medical diseases were excluded. A few 
patients included in the study were those with so-called’ psychosomatic disturb- 
ances. Physiologic studies were carried out; these will be reported in a separate 
communication. 

There is a characteristic way in which patients report the feeling which they 
describe as “‘tiredness.”” They say they are “lifeless,” “all in,’ with “no pep,” “‘no 
ambition” or “no interest.” They feel “as though everything is too much,” “as 
though they want to lie down.” The greatest difficulty seems to be in initiating 
activity. It has been interesting to compare some of the spontaneous stories told 
by our patients with accounts in the literature. A particularly appropriate account 
of “neurasthenia” was given by Jean Jacques Rousseau in his “Confessions.” 

There are several constant attributes of the symptom fatigue. The commonest 
are indicated here: 1. The fatigue is almost invariably worse in the morning. 2. 
Almost every patient says he has a strong desire to lie down, but finds he cannot 
sleep when he does. 3. The feeling of tiredness is specific for certain activities; 
whereas at times the patient can carry on strenuous activities of one sort, other 
forms wear him out at once. 
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It was possible to make a psychiatric diagnosis for every one of the 70 pa- 
tients. None of these patients complained solely of fatigue, without other neurotic 
symptoms. The commonest psychiatric diagnosis was anxiety neurosis; when one 
includes under the term anxiety neurosis the tension state common to veterans 
of World War II (occurring in 39 per cent of our series), the total percentage of 
patients with this diagnosis was 75. Reactive depressions and psychosomatic dis- 
eases each accounted for 10 per cent of the series. It was not possible to separate 
these diagnostic categories with any degree of accuracy, since many of the per- 
sons complaining of anxiety symptoms also had depressive trends and a few had 
hysterical symptoms and obsessive features. 

These patients complained of many symptoms other than tiredness, the com- 
monest being anxiety, nervousness, irritability, depression, insomnia, palpitation, 
headaches, breathlessness, inability to concentrate, sexual disorders and disturb- 
ances in appetite. 

We compared these patients with a group of 11 persons with myasthenia 
gravis, patients whose chief complaint also is tiredness or weakness. The greatest 
point of similarity was that most of each group complained of some depression. 
The group with myasthenia showed strong evidences of objective muscular weak- 
ness, which was not present in the group with chronic fatigue. 

There appeared to be a specific relation between episodes of fatigue and 
certain events in the lives of these patients.’ Over 50 detailed instances of this 
type were collected, of which the following are illustrative: 1. A patient, in 
arguing with his father, suddenly became very tired when he reflected that it 
was wrong to argue with one’s father. 2. A Jewish business man, in conflict with 
his brothers over a Gentile wife, found that he became very tired when, on going 
to work in the morning, he could see the office he occupied jointly with them. 
3. A man having conflict with his wife became extremely tired on opening the 
door at night and seeing his wife, and it later appeared that he had at this 
time phantasies of injuring his wife and winding up in jail. 

In these 50 instances the predominant affects of the stimulus situation were 
classified as follows: anxiety, 30 per cent; depression, 24 per cent; rejection, 24 
per cent, and guilt, 22 per cent. Here, again, it is impossible to make a cleancut 
distinction because the affects are always mixed. 

In a longitudinal summary of a life history of 1 of our patients, the onset 
of symptoms of fatigue and asthma were always found to be connected with in- 
cidents in which her husband went out without her. Later, after she had been left 
by her husband, she became involved in a sexual relationship with another man 
and would become extremely tired whenever she heard from her husband. Still 
later, after the treatment had begun, it was discovered that fatigue symptoms de- 
veloped in connection with her discussing sexual matters with the physician and 
in instances in which she felt that the physician rejected her. 

Many of the episodes of fatigue we have seen occurred in connection with 
grief reactions, with surgical operations and with sexual situations. 

Our tentative conclusion was that fatigue in these patients may most easily 
be understood as a psychoneurotic symptom. In an effort to find how well fatigue 
as manifested by these patients fits into this scheme, we listed the characteristics of 
such a symptom, as follow: 1. Symptoms associated with psychoneuroses are not 
peculiar to them but occur also in medical diseases. Such symptoms include anxiety 
and pain, as well as fatigue. 2. Psychoneurotic symptoms are characteristically 
episodic, coming and going without obvious reason. 3. These symptoms are usually 
repetitive. A variety of situations reproduced one to three types of response, rarely 
more. Reactions, when they occur, tend to be stereotyped, and the natural history 
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of each resembles that of the others. In this connection, it is interesting to note 
that frequently discussion of such an incident may evoke similar symptoms. 4. 
Certain characteristics are related. to a stimulus or a stimulus situation which 
evokes a psychoneurotic symptom. First, the stimulus can usually be shown to 
exist and, when demonstrable, invariably has an affective coloring. Second, the 
psychoncurotic symptom is inappropriate as a response to the stimulus from any 
logical or rational standpoint. However, it may be demonstrated that the symptom 
actually is appropriate not to the current reality situation, but to a reality situa- 
tion in the past or to the patient’s phantasy. Third, the resulting symptom is in- 
adequate to control the stimulus. 5. Psychoneurotic symptoms are further character- 
ized by being reversible. If a patient with chronic fatigue is relieved of his 
symptoms, there is usually no evidence that any such condition existed. Many of 
the patients completely lose their fatigue in a permissive and protected atmosphere 
and behave like healthy people until forced again into shouldering the respon- 
sibilities of living at home. 6. Psychoneurotic symptoms, by and large, have a 
function. Usually primary and secondary gains are realized from these symptoms. 
7. Psychoneurotic symptoms generally have a symbolic meaning. This is the 
only one of the general characteristics of a psychoneurotic symptom in connection 
with which we feel wo do not have adequate data to support the contention that 
fatigue in these patients acts as a psychoneurotic symptom. We believe that there 
may well be a symbolic meaning, but that this probably is so deep in the un- 
conscious that we have not been able to get more than rare glimpses of it in the 
relatively superficial type of therapy which we have used. 


SUMMARY 
1. Data on a series of 70 patients whose major symptoms was fatigue or 
tiredness are presented. 


2. The variety of feelings and ideas experienced by these patients is de- 
scribed in detail. 


3. For most patients in this series the diagnosis was anxiety neurosis. 

4. In 50 selected instances, concerned with 30 patients, the onset of fatigue 
was associated with a specific situation in the life of the patient. 

5. The commonest affects present in the situation were guilt, anxiety and 
rejection. 

6. Fatigue symptoms have been demonstrated as episodic, repetitive, re- 
versible, stereotyped, inappropriate reactions. In many instances they result in 
secondary gains. In general, the symptom of fatigue meets the criteria character- 
istic of psychoneurotic symptoms. 


DISCUSSION 


Dr. Rospert S. Scuwas: This paper is an admirable introduction to a sub- 
ject that was prominent in the second world war—battle fatigue, or combat 
fatigue. A large percentage of neuropsychiatric casualties fitted into the diag- 
nostic category of tension state. My first comments deal with tension state, combat 
fatigue or operational fatigue. The first type is simple fatigue, due to excessive 
use of energy, lack of sleep, poor diet and many hours at “alerts.” Exhaustion 
was normal in persons who were pushed too far. These men recovered in twelve 
to twenty-four hours, at the most four days, after eating, taking large amounts 
of fluid, ingestion of salt and sleep. They were then normal and fit for duty. 
The incidence of recovery was high for a neurosis. 
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The second type, chronic fatigue, was found largely in troops kept overseas 
for long periods, not necessarily in combat areas, with poor living conditions; 
away from home, homesick, with dull food and dull routine, they began to ex- 
hibit what Dr. Shands described as tension state. They might complain of fatigue. 
Admitted to hospitals, and given all forms of treatment, they persisted in com- 
plaining of being tired in the morning, although they had adequate sleep and 
sedatives; and most of them had to be sent back to the United States. Military 
authorities objected to our sending them back home because a large number lost 
their symptoms in San Francisco and became normal. The removal of the stress 
situation caused symptoms to disappear. Military powers felt that symptoms 
which disappeared were not real. I believe that they were real, and that these 
men were incapable of doing their work. They required help, and what they 
needed was to return home for a time. It seems to me that this group of patients 
with chronic fatigue fits in with the similar group of psychoneurotic patients in 
hospitals faced with civilian problems they cannot cope with. 

I was interested in the fatigue syndrome of myasthenia because it seemed 
different from the fatigue of psychoneurosis. There was a different time relation 
during the day, not associated with other neurotic symptoms. This relation was 
more demonstrable on the ergograph for myasthenic than for psychoneurotic 
patients. In myasthenia, one has a biochemical cause of fatigue, a factor difficult 
to find in neurotic patients. 

In conclusion, fatigue has been neglected in the study of psychoneurosis be- 
cause it is so difficult to define. Every patient’s complaint is concerned with his 
personal. reaction and is difficult to standardize. It is to be hoped that from this 
work of Dr. Cobb’s and Dr. Finesinger’s department more will be learned about 
this syndrome, so that one may recognize it and prevent the more serious develop- 
ment of symptoms that may persist for much longer than does simple fatigue. 


Dr. WitFreD BLoomserc: As I listened to Dr. Shand’s paper and to Dr. 
Schwab’s discussion, three points came to mind. 

1. I am delighted to have some one begin the semantic clarification of the 
word “fatigue.” Such clarification is necessary, from the point of view not only 
of the physician but of the patient. For the patient, a word like “dizziness” may 
mean anything from a brief attack of lightheadedness to a twenty minute con- 
vulsion. One should recognize that when a patient says he is tired he does not al- 
ways mean what the physician means by “tired.” Analysis of the meaning of the 
words one uses is extremely valuable. 

2. I am weary of hearing the term “combat fatigue” used in the vague way 
in which the term “shell shock” was used in World War I, as though nothing 
had been learned about shell shock. I should like to say that for the Army, for 
General Menninger and for the rest of us charged with administrative responsi- 
bility the term “combat fatigue” was in no way supposed to be a definitive, or 
final, diagnosis. It was a label that could be put on a field tag, so that the “snap” 
diagnosis of “‘psychoneurosis” should not be put on in the rush of combat con- 
ditions, and then perhaps follow a man around for years. In all cases with a 
diagnosis of combat fatigue in which further disability developed, the diagnosis 
was changed to one of the classifications of neurosis before discharge from the 
hospital and the Army. “Combat fatigue” was not a final diagnosis in any case. 

It is important to remember that these terms, even as terms, affect one’s own 
thinking. There was under combat conditions a syndrome of complete exhaustion. 
In the hurry of combat it was not possible accurately to differentiate that syndrome 
from the apathy or the panic of neurosis. In order that mistagging should be 
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avoided, a directive went out that all such syndromes should be called combat 
fatigue on the original tag, but there was no implication that it was a new 
disease which should become part of the official nomenclature. It was never a 
definitive diagnosis. 


3. The third point interests me particularly, and my comment is precipitated 
by Dr. Shand’s statement that the fatigue he was investigating followed the cycle 
of depression in that it was worse in the morning and tended to lessen during the 
day. It should be recognized that there is not too clear a distinction between 
depression and fatigue. Many psychiatrists have distinguished two kinds of de- 
pression, both depressed, but one associated with retardation, a tendency to give 
up and do nothing, while in the other the patient fought against depression and 
made an attempt to carry on. There is even the question of a possible physiologic 
change as the basis for mood swings. May there not in this problem of fatigue be 
a similar physiologic change and a relation between the two states? I am aware 
of all the psychologic and dynamic interpretations, but I still believe that the 
mood swing in depression has many of the characteristics of a physiologic cycle, 
and it may be that fatigue is another facet of the same physiologic mechanism. 
Perhaps one needs further to study and define not only fatigue, but depression, 
and to study the relation of the two. 


Dr. Aucustus S. Rose: The problem of fatigue is an interesting one, be- 
cause it is a universal experience. Is it proper to differentiate the symptom as it 
occurs in our patients and in ourselves? Does it not beg the issue to say that 
fatigue is a neurotic trait? The experience of overwhelming fatigue while sitting 
listening to a boring patient in the late afternoon may be promptly dispelled by 
a sudden emergency call. This phenomenon, it seems to me, shows that fatigue 
is related to interest. Interest is related to attention, and attention has a relation 
to mood. Muscular tension is altered in fatigue. Patients to whom curare is given 
complain of being tired as the drug takes effect. 


The studies reported by Dr. Shands, and the work in progress in Dr. Cobb’s 
department, have, and will, shed light on the psychologic and physiologic aspects 
of the problem. 


Dr. Jacos E. Finesincer: We are grateful to the discussers. Civilian patients 
do not show as much chronic fatigue as do the veteran patients. In our civilian 
patients it seems more episodic, something like Dr. Rose’s description. The mood 
in these patients is not always depressed. We believe that this type of fatigue is 
not the same as that associated with boredom. 


The histories of patients indicate that a great many things relieve this fatigue. 
Alcohol is one of the things that does. Some patients have chronic tension and 
fatigue states of which they complain day in and day out. One sees more of this in 
veterans than in civilians. 


We think that semantic classification is important. We feel that we shall 
get nowhere unless we clarify the words we use. One difficulty in the problem of 
fatigue is that this kind of fatigue is not the same as that due to muscular activity. 
Psychiatrists have tried to treat this form of fatigue like muscular fatigue. Al- 
though the average patient with depression may complain of fatigue, many pa- 
tients with a feeling of fatigue do not complain of feeling blue, low or tired, 
characteristic words to define depression. They do describe feelings of “lack of 
pep.” We believe this type of fatigue is different from reactive depression. As to 
attention, I believe there is a difference, too. We are trying to make studies to 
test the relation. We want to thank the discussers for their comments. 
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Dyslexia. Dr. Paut B. JossMANN. 


The term “dyslexia” was introduced in 1887 in order to distinguish a 
specific type of reading disturbance which was generally assumed to be an in- 
complete form of alexia. The dyslectic patient starts reading like a normal person 
However, after the first few words or lines, the performance deteriorates gradually, 
until the reading ability is completely lost. If, after a brief “rest,” the patient 
is subjected to another reading test, he again reads normally for a while. This 
condition was called dyslexia in order to emphasize that there is only impaired 
functioning of the so-called reading center, rather than complete loss of reading 
ability. When a dyslectic patient is given a test, he behaves as follows: He begins 
to read a simple newspaper article. He reads the first words, or even a line or 
two, normally. Then he apparently faces difficulties. His reading becomes more 
and more fragmentary, until a stage is reached at which he stops reading entirely. 
Then the patient states that words and letters of the text “go all around,” con- 
fusing him so that he cannot go on reading. If, however, at this point, a word 
or a few words written on a card are presented to the patient, he has no dif- 
ficulty in reading them. Thus, the reading faculty of the dyslectic patient is ob- 
viously never lost. It remains latent, even while the disturbance is fully de- 
veloped. The explanation of the mechanism of dyslexia seems to be furnished by 
the results of experiments. In their investigation of the automatism of ocular 
movements while reading, Erdmann and Dodge demonstrated that the eyes follow 
the lines of a text not continuously, but in a regular series of stop-go movements. 
This series of alternating ocular movements, with the eyes jumping from one 
fixation point to another, so adjust the visual fields that continuity of smooth 
reading is produced. These ocular movements of normal persons and of the 
dyslectic patient were observed first in a mirror. Later, they were registered by 
moving pictures. In the dyslectic patient, the rhythm of the ocular movements 
becomes irregular, and their direction is sometimes reversed. The longer the 
dyslectic patient reads, the worse the situation becomes; i.e., the frequency of 
the ocular movements of the dyslectic subject increases progressively. It is plausible 
to assume that the syndrome of dyslexia is caused by lesions in centers responsible 
for the automatism of ocular movement during reading. The dyslectic patient is 
compelled to substitute by voluntary movements of his eyes and fails in his at- 
tempt; he misses the normal fixation points and is required to correct the wrong 
position of his visual fields, again multiplying the difficulties because the next 
voluntary movement may once more lead to a maladaptation. This vicious circle 
results in progressive deterioration of the reading performance. Physiologic and 
anatomic observations suggest that the central automatism of the reading move- 
ments must be localized in the occipital lobe. Neurophysiologic studies indicate that 
motor responses can be obtained from areas 18 and 19 of Brodmann. As demon- 
strated by von Economo, there are unusually large giant pyramidal cells in the 
third layer of the occipital cortex, which he called limes parastriatus giganto- 
pyramidalis. Since the presence of giant pyramidal cells always indicates that 
motor functions originate from such a region, the assumption is justified that the 
center for the coordination of ocular movements may be localized close to this 
region. Corticofugal pathways are described which originate in areas 18 and 19 
and run through the stratum sagittale internum to the nuclei of the ocular muscles. 
The peculiar physiologic function of this corticofugal, optomotor system has been 
almost unknown. It is extremely likely that this is the mechanism supplying the 
automatic movements of the eyes in reading. Impairment of this mechanism brings 
about the clinical condition of dyslexia. 
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ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


DISCUSSION 


Dr. STANLEY Coss: Dr. Jossmann has discussed interestingly a rare syndrome. 
I have never seen a case. I am interested especially in the problem of localiza- 
tion, but I might mention fatigue as a possible factor, for in aphasia the pa- 
tients become fatigued easily, and even have to cease talking at times. 


As to the problem of localization, on stimulating the human cortex, Penfield 


and Foerster found three areas where one might elicit the automatic conjugate 
movements of the eyes: area 8, the edge of areas 19 and 7 and the lower part 
of area 19. I should like to ask if the sort of hemianopsia observed gave any hint 
as to whether it was the upper or the lower part of area 19 that was important. 
The area where motor cells were described by von Economo was between area 
17 and area 18. Such a location for the lesion would mean that a hemianopsia 


would always be present. 


Dr. JAMES PRESTON Ross: Hughlings Jackson said that the phenomenon 
of aphasia illustrates the same principles, and is governed by the same laws, as 
other functions of the nervous system. Nielsen and others described clearly their 
observations in cases of complete removal of the temporal lobe in which all the 
connections from the medial geniculate body and the cortex were severed on 
the dominant side. In these cases a syndrome developed almost identical with 
that described here. For the first few minutes the patients understood what was 
said to them; then, rapidly, they became fatigued and went into a state of con- 
fusion. After a period of rest they were again able to understand for a short 
time. Nielsen concludes, and we have several cases to back up his assumption, 
that in complete removal of the dominant lobe the fatigue is due to the opposite 
hemisphere assuming the function of the side that has been removed. I should 
like to ask whether in Dr. Jossmann’s cases there was any recovery over a period. 
In all Nielsen’s cases and in those I have seen, the patients recovered from the 
auditory agnosia with training. A review of Dr. Penfield’s cases of cortical excision 
showed that 3 of 50 did not recover completely from the aphasia. The difficulty 
in these cases was in reading. I cannot explain why, except that Nielsen said 
that the function of reading is not assumed by the nondominant hemisphere as 
readily as others, as shown here. I do not feel in a position to criticize the evi- 
dence with regard to the anatomic connections between the cortex and the oculo- 
motor nuclei. I am interested in this study, and I think the evidence that has been 
presented cduld well fit in with the concept presented by others, namely, that the 
opposite side is assuming the function of the destroyed side and is showing fatigue. 
It would take too long to review the evidence that the nondominant hemisphere 
assumes the function of the damaged hemisphere if the destruction has been great 
enough. One of our patients had a gunshot wound near the angular gyrus, was 
aphasic and recovered. Later a small craniotomy was done for relief of seizures. 
He was again aphasic for six months and recovered slowly. When seen in Montreal 
several years later, the only difficulty was that of reading, which he did only 
moderately well. One aspect of the disorder was that he might be able to read 
the word but could not give the letters. He was having seizures. A much larger 
area around the angular gyrus and extending backward was removed. After this, 
his ability to read and speak did not change at all. This case was good evidence 
that the dominant side must have been functioning for reading at the time of the 
first craniotomy, whereas at the second operation the opposite side had assumed 
the function. Other factors could enter in, but we felt that the findings could be 
explained by a shift to the opposite side. 
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Dr. Aucustus S. Rose: I have not seen a patient with dyslexia. However, 
I am reminded of a person who, in the period of recovery from right homonymous 
hemianopsia due to cerebral thrombosis, could read only one word at a time. It 
seemed to me that this could best be explained by the phenomenon of extinction, 
recently described by Bender and Teuber (Phenomena of Fluctuation, Extinction 
and Completion in Visual Perception, ARcH. NeuroL. & PsycH1at. 55:627 [June] 
1946). These patients showed recovery from homonymous hemianopsia (due to 
gunshot wounds) with the usual tests. However, if a test object was brought into 
the two lateral fields simultaneously, the object in the old hemianoptic field was 
not recognized until it reached the midline. Is it possible that this phenomenon of 
extinction plays a role in the reading disability described as dyslexia? 


Dr. Henry R. Viets: I have never seen a case such as Dr. Jossmann de- 
scribes, but there is something akin to this reading difficulty in patients with 
myasthenia gravis. If reading requires six jumps to carry the eyes across the line, 
it should be remembered that this act requires the use of twelve ocular muscles— 
a fine example of reciprocal innervation. In myasthenia gravis, the patient may 
have difficulty in making the six steps in a uniform manner, as the result of mus- 
cular fatigue. After rest, such a patient is able to read with difficulty. 


Dr. Pau B. JossMANN: In reply to Dr. Cobb: I deliberately did not discuss 
the center in the frontal lobe from which, on stimulation, motor impulses originate 
which produce the so-called searching movements of the eyes. I considered 
primarily the optomotor functions of the occipital lobe, since the coordination 
of visual fields by ocular movements strongly suggests a close anatomic relation 
to the receptor functions. With regard to fatigue and cooperation of the hemi- 
spheres, my patient had a lesion in the dominant hemisphere. I call the clinical 
“weakness,” as it appears in dyslexia, pseudofatigue. It takes time and effort to 
change from a normal automatism to the substitution of voluntary movements. 
Eventually, the dominant hemisphere may have taken over some functions. Before 
that time, however, the patient seems to be fatigued. I am grateful for the cita- 
tion which discusses extinction of a word. This patient had a similar condition, 
by which he had lost the freedom of this special orientation. 


In regard to Dr. Viets’s suggestion: I am interested in the problem of how 
myasthenia gravis may bring about the clinical picture of dyslexia. There was no 
evidence of myasthenia in this patient; the lesion was caused by a cerebrovascular 
accident. 


Physiologic Studies in Electric Shock Therapy. Dr. Mark D. ALTSCHULE and 
Dr. KENNETH J. TILLOTSON. 


Electrically induced convulsions are preceded by a brief latent period and 
ushered in by a forced expiration. The latter results in a grunt or cry and also 
gives rise to pronounced changes in the circulation. During and for a variable, 
but generally brief, period after the convulsion the patient is apneic. At the same 
time, his skeletal musculature is using large amounts of oxygen, and the blood, not 
aerated in the lungs because of apnea, becomes extremely deoxygenated. 
Although venous blood taken from violently contracting extremities may contain 
as little as 2 volumes per cent of oxygen, this greatly deoxygenated blood mixes in 
the heart with blood from other parts of the body, and the oxygen content of 
arterial blood is lowered by only one-third or one-half its normal value. The 
carbon dioxide content of the blood increases during this period an average of 
10 per cent above the control value. However, a tenfold or twelvefold increase in 
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the lactate and pyruvate contents of the blood occurs as a consequence of violent 
muscular contractions under conditions of anoxia, and the carbon dioxide— 
combining power of the blood is accordingly reduced. A condition of severe, un- 
compensated acidosis therefore occurs with px levels of arterial blood in the 
neighborhood of 7.0. With the return of respiration, with hyperpnea for a time, 
the anoxia and carbon dioxide excess rapidly disappear; until, however, the 
organic acids are oxidized, a state of compensated acidosis remains. 


An attempt to study the possible therapeutic effect of uncompensated carbon 
dioxide acidosis was made by the repeated intratracheal administration of a mix- 
ture of 5 per cent carbon dioxide and 95 per cent oxygen for twenty to eighty 
minutes. The carbon dioxide content of the blood increased by one fourth, and 
the pu fell almost to 6.8. No definite benefit resulted, and the values passed 
into the range of cerebral depression. Experiments with lesser concentrations of 
carbon dioxide will be made. 


The circulation time after the end of the seizure is greatly accelerated, 
probably as a consequence of anoxia and acidosis. During the initial forced ex- 
piration which ushers in the seizure, the intrapleural pressure rises and the re- 
turn of blood from the periphery is retarded; the antecubital venous pressure 
commences to rise. Shortly thereafter, violent muscular contractions begin, and 
the peripheral venous pressure rises rapidly to levels eight or ten times as high 
as the normal, the rise varying roughly with the severity of the convulsion. The 
spinal fluid pressure is greatly increased at this time. After the end of the con- 
vulsion, the venous pressure falls, its decrease being accelerated by the onset of 
hyperpnea. The pressure remains somewhat above the control level, however. 


The electrocardiogram shows no important changes in rhythm during the 
seizure, although the rate is accelerated; successful studies of electrocardiographic 
changes during the convulsion are necessarily few and must be extended. After 
the convulsion, blood impounded in the peripheral veins rushes into the heart 
and the great vessels of the thorax, especially under the influence of hyperventila- 
tion. At this time a variety of arrhythmias develop; i.e., shifting pacemaker, sinus 
arrhythmia, nodal rhythm and sinoauricular block are common, and auricular 
tachycardia or fibrillation may also occur. All these phenomena are vagal in 
origin and are believed to be the consequence of vagal reflexes activated by dis- 
tention of the right auricle and the great veins. In the absence of seizures, the 
passage of the electric current through the brain gives rise to vagal effects also, 
in the form of vasodilatation, hypotension, lacrimation and salivation; but the 
effect on the heart is inconstant, and at most only a moderate degree of brady- 
cardia has been found in studies made here. 


As a consequence of increased venous (and capillary) pressure, and possibly 
also of anoxia, fluid is lost from the circulation during convulsions. This is in- 
dicated by hemoconcentration, with a rise in hematocrit readings and plasma 
protein levels; the plasma volume falls by 10 to 30 per cent. The charges vary 
in degree with the severity of the convulsion and usually last from fifteen to more 
than thirty minutes. These changes may account in part for the fall in arterial 
pressure known to occur late in the convulsion. 


When curare is given to modify the severity of the convulsion, the seizure 


is prolonged approximately one-third its usual period. The circulatory changes 
associated with the seizure are diminished but not abolished. 


The foregoing’ observations, based on over 300 experiments, as yet afford 
no clue to the mechanism of the therapeutic benefit derived from induced con- 
vulsions. Additional studies are in progress. 
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Dr. CLARENCE CAMPBELL: I am not particularly competent to discuss electric 
shock. My colleagues and I have worked mostly on animals. We have tried to 
arrange an apparatus by which we know the quantity of electricity we are using. 
In therapeutic work this is of minor importance. 

I am interested in the various changes that took place here. It makes it all 
the more interesting for us to continue our work, once we are convinced that we 
have a machine that will deliver predetermined amounts of electricity. Most of 
the changes enumerated were in anoxic patients and showed alterations in in- 
trapulmonic and intrathoracic pressure. The acidosis that developed in the pa- 
tient in shock was “fixed” acidosis, whereas Dr. Altschule’s therapeutic pro- 
cedure used a temporary acidosis. I wonder whether the authors tried lactic acid 
or ammonium chloride in sufficient quantity. The rise of venous pressure struck 
me as remarkable. It approached systolic blood pressure, and I wondered whether 
measurements of the systemic blood pressure were made. I am interested in what 
must have happened to the filtration pressures within the brain in these circum- 
stances, and whether a good deal of water must not have been displaced into the 
brain substance. We hope to shock the isolated head and see what changes in 
weight take place. I was extremely interested in hearing the whole report, and 
I gathered a good deal of information which I hope I can remember and apply 
when we arrive at the point of starting our more elaborate animal experiments. 


Dr. Rupotpw Nevustapt: The results of the biochemical studies on electric 
shock which my associates and I have been carrying on for the past ten months 
do not disagree with Dr. Altschule’s except at one point—the hematocrit readings. 
We never found a change in hematocrit values. Slight differences in technic 
may account for the difference in results. 

I was greatly impressed by the fact that Dr. Altschule found changes in px 
of a magnitude which hitherto have been regarded as incompatible with life. It 
is true that these changes were short lasting; nevertheless, they were impressive by 
their magnitude. In our own examinations, we found rapid changes in the al- 
bumin-globulin ratio which also seemed to be of a life-threatening magnitude. 
The changes concerned mainly variations in globulin, which in extreme cases 
dropped as low as 0.1 per cent and in a number of cases fell below 0.7 per cent. 
The globulin returned quickly to its pretreatment level, and six minutes after 
the shock the normal albumin-globulin ratio was restored. As I have no theory 
to offer, I am anxious to know what Dr. Altschule thinks about the fundamental 
effective factor in electroshock therapy. 

Has Dr. Altschule had any experience with changes in arterial pressure? 
A group of Swedish workers found that there is very little rise in arterial pres- 
sure if the electric current is applied at the time of deep expiration. If this is true, 
one should apply this physiologic observation in the treatment of elderly patients. 


Dr. Jutius Loman: About six years ago, I carried out similar experiments 
with “metrazol” and insulin. I was particularly interested in the chemical changes 
in the cerebral blood. Arteriovenous differences in gases and other metabolites 
were measured by taking samples of blood from the artery and from the internal 
jugular vein. The improvement following both insulin and “metrazol” shock 
therapy could not be explained on the basis of common changes in the blood 
chemistry. It was found that cerebral hypoxia occurring with insulin hypoglycemia 
and that accompanying “metrazol” convulsion had only a superficial resemblance. 
Furthermore, no increase in utilization of oxygen by the brain was found after 
either shock condition. During insulin hypoglycemia the brain is deprived of its 
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main metabolite, sugar, and during the “metrazol” convulsion the brain cells are 
probably damaged by the direct effects of the convulsion. Repeated convulsions 
cause mild, but cumulative, damage to the brain cells, which is indicated by 
alterations in the electroencephalogram and by changes in memory. Fortunately, 
these changes in the cerebral cells are reversible. 

It would be interesting to study the effects of electric shock therapy under 
curarization, for I feel that the concomitant changes which occur in the chemical 
constituents of the blood are direct effects of the convulsion or of muscular move- 
ments themselves and do not explain the alterations in the mental state or the 
therapeutic results. Dr. Altschule’s and Dr. Tillotson’s physiologic studies are the 
most complete and comprehensive of any that have been made on the effects of 
electric shock convulsions. 


Dr. RupotpH Nevustapt: We tried to follow Dr. Loman’s suggestion of 
studying the changes under curarization. However, curare itself, before shock, pro- 
duces a number of severe biochemical changes, which make it only more com- 
plicated to evaluate the effect of the electric shock. 

Dr. Mark D. ALtscHULE: We did sixty or seventy experiments with curare. 
It is an error to believe that it abolishes muscular contraction. The intensity of 
muscular contraction after curare followed by electric shock is about one third 
or one half as severe as without curare. It must be borne in mind that, though the 
effects of curare are to diminish muscular contraction, they prolong convulsion. 
The duration of convulsion is prolonged by curare by about one third. Physiologic 
changes, although diminished in intensity, were not obliterated. The convulsion 
is still essential. All convulsive agents that have been used, with one exception, 
ammonium chloride, will cause a remission of typical depression. If 10 cc. of 
this drug is injected intravenously, the patient will have a convulsion but will 
not have a remission. Ammonium chloride is a diuretic, a fact which may be 
pertinent in relation to the water retention we observed after electric shock. I 
do not know what causes remission in electric shock, but I am sure it occurs. I am 
almost sure there is reason for it. Loman’s concept of something happening to 
the brain is correct in the sense that something is happening because the patient 
behaves differently. In my opinion, the effect is not due to anything happening 
directly to the brain, but is the result of the convulsion. 

Dr. Neustadt’s observations on protein are incomprehensible to me. The 
question of variations in technic and circumstances arises. We varied the technic 
in the sense that some experiments were done with curare and some without. I 
did not find that the total protein returned to normal a minute or two after the 
convulsion. We determined not only the hematocrit reading but the hemoglobin 
concentration as well. They showed the same rise. We are sure of what we reported 
tonight, but not of what the results mean. The remarks of my brother physiologist 
were stimulating. One will have to go to the animal to explain many things. With 
regard to arterial pressure: Loman and Myerson, a Scandinavian worker and a 
group in Georgia, all described changes in arterial blood pressure as measured 
by placing the needle in the artery. The arterial pressure always remains higher 
than the venous. After the convulsion it falls, then rises above the normal and 
then falls back. We believe that the pronounced fall may be due to loss of fluid 
from the circulation. The comments on water entering the substance of the brain 
were pertinent. I believe that experiments in which we gave salt and pitressin did 
not accomplish the same thing. We did produce water retention in the patient, 
but I feel that the water did not get into the brain. Extreme alterations in pres- 
sure may force water into the brain, and may possibly explain the changes. One 
theory is as good as another, and at present it is safer to have none at all. 
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